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ABSTRACT

This Final Contract Report contains papers presenting several useful steps toward

the creation of a more scientific discipline of formatted file design.

in particular, there are papers on:

n

(2)

(3)

@)

The first extensive, fundamentally oriented, comparison of key-to-address

transforms utilizing existing formatted files.

Formal, mathematical descriptions of formatted file systems that are used

to provide concepts and means to deal with:

{a) the selection of indexes;
(b) direct retrieval on the basis of multiple attributes, and

(¢) questions of storage and response time efficiency.
The calibration of the FOREM I Formatted File Organization Simulation Model.

A new, more powerful 9000 FORTRAN statement model (FOREM II) for simulating
the effects of complex file organizations, and machine configurations on
efficiency and response times in a formatted file query and update environ-
ment.
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INTRODUCTION

The field of Formatted File Organization has become increasingly important with
the advent of large random access peripheral files and requirements for real-time
retrieval and maintenance. It is the purpose of this contract to provide new
techniques, tools and information which will lead to a fundamental design
discipiine for operational files. This design discipline will be solidly based
on studies of actual commuter hardware systems, software _/<tem:, and associated

user files.

The original IBM Research Division-I1BM Federal Systems Division work in the area
was recorded in the Final Report for Rome Air Development Center Contract
No. AF 30(602)-4G88, This previous report presented for the first time:

(1) Detailed comprzhensive surveys of the processing and content of four large
intelligence files in unclassified, implementation-independent form;

(2) New techniques for the organization of formatted files for direct multiple
attribute retrieval;

(3) A file organization evaluation model (FOREM 1) which accepts the survey
material in all its detail with respect to file content and transactions
(complex queries and updates) and allows the user to evaluate the effects

of different file organizations on system efficiency and response time.

This above effort provided a basis for dealing not just with abstract theories,
but also with existing files and hardware-software systems. As the result of a
further contract No, AF 30602-69-C-0100, a prototype file design handbook was
created using information obtained from thousands of actual computer system and
simulation model (primarily FOREM I) runs. This handbook represents a first

effort to create design guidelines based on extensive empirical data.

The present Final Contract Report represents another step forward in the creation
of empirical information, techniques, and practical tools for file design. Here
again, the philosophy is that empirical and abstract contributions are necessary

for the eventual creation of a science of file design, but that the abstract con-




tributions must be solidly connected with practical understanding of actual

systems, The work to be reported covers three areas.

The initial area continues the study of actual files. It is represented by a
paper on a fundamentally oriented, comparative study of key-to-address trans-
forms using actual key sets. This paper makes a significant departure from exist-
ing literature on key-to-address transforms; it adds no new transform proposal

to the mo:,  existing, unevaluated, uncompared transforms; instead, on the basis

of actual runs, it presents a number of useful facts and guidelines for selecting
a transform appropriate to the user's key set. In its conclusions section, it
goes further to propose and discuss more fundamental techniques for selecting
transforms on the basis of defined characterizations of both transforms and key

sets.

The second area continues work on creating a fundamental basis for file design.
In this area, two papers present formal, mathematical descriptions of certain
aspects of formatted file organizations. These descriptions are then used

to provide means and concepts for dealing with the selection of indexes and the
questions of storage and response time efficiency. A third paper extends the

power of prior work on direct, multiattribute retrieval.

The final area is concerned with the calibration of the FOREM I model and the
creation and description of a new, significantly more powerful program for
modeling formatted file organizations (FOREM II). This mcdel, which is a 9000
FORTRAN statement program, provides expanded capability in aimost all areas over
FOREM I; the most important area, however, is the ability to deal with simultaneous
operations within a single program, with much more complex machine configurations,

and with a wider variety of query formulations.

The model is described in a final paper and by an included copy of the user's

guide documentation.

In summary, this Final Contract Report contains papers presenting several useful
steps toward the creation of a more scientific discipline of formatted file

design.




SECTION I

KEY-TO-ADDRESS TRANSFORM TECHNIQUES:
A FUNDAMENTAL PERFORMANCE STUDY ON LARGE EXISTING TORMATTED FILES

v V. Y. Lum
P. S. T. Yuen
M. Dodd
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KEY-TQ-ADDRESS TRANSFORM TECHNIQUES:
A FUNDAMENTAL PERFORMANCE STUDY ON LARGE EXISTING FORMATTED FILES®

by

V., Y. Lum
P. S, T. Yuen
M. Dodd

Information Sciences Department
IBM Research Labo:atory
San Jose, Califoraia

ABSTRACT: This paper presents the results of a study of eight different
key-to-address transformation methods applied to a set of existing files. As
each method is applied to a particular file, load factor and bucket size are
varied over a wide range., In addition, appropriate variables pertinent only
to a specific method also take on different values. The performance of each
method is summarized in terms of the number of accesses required to get to a
record and the number of overflow records created by a transformation., Pecu-
liarities of each method are discussed. Prartical guidelines obtained from
the results are stated. Finally, a proposal for further quantitative funda-
mental study is outlined in the conclusion.

I-2




INTRODUCTION

The direct access m3thod normally provides the most rapid means of accessing a
single record of a formatted file. In cases where there is one record or nearly
one record per possible key value, access requires only a multiplication of the
key by the record length to obtain the address of the desired record. The
record can then be cbtained by only one access to the peripheral file. When
there is less than one record for every two or more possible key values, then
the direct multiplication transform will leave a considerable amount of empty
space for key values that are unused. To reduce the amount of waste space,
numerous workers have proposed a means for mapping large key spaces into smaller
address spaces. The main problem is that none of the practical instances of these
key-to-address transforms can guarantee to produce a uniform mapping of keys to
addresses for any arbitrary distribution of key values. Given this situation,
one needs guidance on the selection of a technique that will produce the most

nearly uniform distribution for his practical situation.

Unfortunately, up to this time, workers in the field have devoted their efforts
toward inventirg new transforms rather than toward creating guidelines by
comparing existing ones in practical situations so that their relative perfor-
mance can be characterized. The only comparative evaluation known to the
authors appears in Buchholz.1 He presents an excellent discussion of various
aspects of key-to-address transformation, but his experimental results are
minimal. In this paper, we undertake to provide a major experimental, compara-
tive evaluation of several transform techniques and have obtained several

pragmatic user guidelines for the selection of an appropriate practical transform.

Based on this information, we also discuss in the conclusions section a possibly
more quantitative, fundamental approach to transform selection. In particular,
we seek to define two sets of characterization functions which may be applied

to key sets and to transforms. UIf the characterization functions are valid,

then we should be able to make quantitative comparisons between the characteriza-
tion function values for a partirular key set and the characterization function
values for proposed transforms to decide which transform is likely to perform
best.
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EXPERIMENTAL ENVIRONMENT

There are many factors affecting the performance of key-to-address transform
techniques, This section contains a discussion of the dominant parameters

considered in the present e«periments, The topics presented include:

(1) the key set sample

(2} the transformation method

(3) the variable parameters

(4) the method of handling overflows or clashes,

The Sample Key Sets

Characteristics of the eight files used in this experiment are shown in Table I.
The eight key sets contain files of different sizes with a variety of key types,
Some keys are long, some are short, some alphanumeric, and some numeric. In
addition, some files have keys densely distributed in the key spacv, and some
sparsely distribuved. Because of its diversity, it is believed that this sample
is representative of the general range of files, The selected transformation

mcethods will be applied to each of these files.

Variables

. . . 1,2
As mentioned in many articles, ’ »S

the two dominant variables affecting
performance are loading factor and bucket size. The former is tne ratio of

the number of records to the number uf record slots, (A slot is a unit of
storage space that can hold one record,) The latter is the number of records
that can be accommodated in an image under a transformation. A decrease in the
loading factor reduces the probability that many records will be mapped to the
same location and an increase in the bucket size increases the capacity of each
image. Both will tend to reduce the number of overflow records. In this experi-

ment, the loading factor is varied from 0.5 to 0.95 at intervals of 0.05. For

each choice of the loading factor, the bucket size takes on the values of 1, 2,
5, 10, 20 and 50.




Number Key Length
of Records Type* (in no. of symbols)**
County State Code 3072 N 5
Personnel 2241 N 6
Personnel Locatign 930 AN 7
Applicants 762 N 6
Customer Code 24050 N 6
Product Code 33575 N 6
Library 4909 A 12
Random Numbers 500 A 10

*A = alpha, N = numeric, AN = alphanumeric

**A symbol can be a digit, letter, etc.

TABLE 1
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There are other variables pertinent only to a specific transformation. They

will be described in the discussion of the appropriate methods.

Transformation Methods

Six different techniques, producing eight different transformation methods have
been studied, Each method transforms the keys into addresses with bucket size
equal to 1. In the case of a larger bucket size, the bucket adiresses are
determined by a modulo B operation, where B is the number of buckets avail-
able. An alternative is to map the key directly into bucket addresses in one
process. However, it was found from the tests made that the alternative showed

no significant difference from the first approach. Because of the way some of

the methods operate, the modulo operation cannot be eliminated from these methods.
Consequently, it was decided that the first approach would be used throughout

the experiment.

(i) Division - Undoubtedly, the best known and most frequently used
technique is division of the key by a positive integer, particularly a prime number.
In this method, the remainder obtained from the division becomes the address
for the key. The divisor, gq, is usually chosen to be approximately equal to
the number of available addresses, M. Buchholz1 suggested a refinement that q
be the largest prime number smaller than M. The utility of his suggestion is
not so obvious. Given that a key distribution contains clusters of various
sizes at random with gaps of different lengths also at random, it may be that
the choice of any q equal to or near M will perform just as well. One set
of experiments was performed to check the truth of this conjecture.

(ii) Digit Analysis - In this method, the distribution of values of the
keys in each position or digit (where digit is not necessarily a decimal digit)
is determined. Those positions having the most skewed distributions will be
deleted from the key until the number of remaining digits is equal to the
desired address length, which is the number of digits in the highest slot number,
The criteria adopted to find the digits to be used as addresses, based on the
measure of uniformity in the distribution of values in each digit, is to keep

those positions having no abnormally high peaks or valleys and those having
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small standard deviations. In a given file, the same digits must be dropped from
all keys,

Digit analysis is the only method investigated that exploits key distribution and
it is only a partial exploitation. There do exist "perfect" transformations which
exploit knowledge of the key distributions to produce perfectly uniform distribu-
tions of addresses, These transformatjons generally require extremely extensive
manipulations of the key sets and are not practical for data bases that receive
even a single new update record. Our study is therefore confined to the practical
"non-perfect' transformations that cannot guarantee perfectly uniform distribu-

tions for arbitrary key sets,

(iii) Mid-S5quare - A key is multiplied by itself and its address is
obtained by truncating digits at both ends of the product until the number of
digits left is equal to the desired address length. As in the digit analysis
method, the same positions must be kept from all products.

(iv) Folding - A key is partitioned into a number of parts each of which,
except the last, has the same length as the address length. (There are methods
which partition a key into shorter parts. These methods have not been investi-
gated here because it is believed that their characteristics are about the same
as the ones studied.) Two methods have been investigated. One folds the key
at the boundary of the parts as if folding paper. Digits falling into the same
position will be added together. The other method is to shift over the sections
s0 that the lower ends of the sections align before carrying out the addition
These two methods will be referred to as fold-boundary and fold-shifting,
respectively. In either case, decimal addition is used. Figure 1 below
illustrates the positional manipulation of the two methods.

[ | Vet
- S T
Sarreivaipe s [ -_—t T T
T AT
I |1 J
ddres .&éd_rsé-;‘
Length Length
|« -—Key Length- -=I e~ Key Length———s=]|
FOLD -BOUNDARY FOLD-SHIFTING
FIGURE 1
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(v} Lin's Method - In this method, a key is expressed in radix p and
the result taken module q" where p and q are relatively prime and m is a
positive integer. Given a key, it is first written as a simple binary bit string.
These bits are then grouped to form p-nary digits. The result is expressed as a
decimal number which, taken modulo qm, gives the address, To simplify the selec-
tion of p, q, and w, it was decided to have p =q + 1, and p and m are so

chosen that qm approximates the number of addresses available.

Let us illustrate the process with an example. Suppose that the key is 975.
Fncoding ecach of the digits with 4 bits (the smallest number of bits required to
represent a decimal digit), we have a binary string of 100101110101. Now, if

the number of addresses available is 48, the choice of p =8, q =7, and m = 2
conforms to the rule defined. Grouping three bhits together, we have

4565)8 = 2421)10. The address, then, is given as 20 by taking 2421 modulo 49.
(Note that if p had been 10, then the address would have been obtained simply

by taking the key modulo qm, i.e., same as the division method.) Note that there
are different ways to express a key in a binary vectcr, e.g., BCD or binary.

OQur investigation showed that the results do not vary significantly for these

cases.

The details in this mapping may not be exactly as proposed by Lin,2 but the
principle remains the same.

(vi) Algebraic Coding - Each digit of a key is considered to be a poly-

nomial coefficient. The polynomial so obtained is divided oy another polynomial
g(x) which is invariant for all the keys in a set., The coefficients of the
remainder polynomial form the address,

$.4,12 assures that

This method, based on the theory of error correcting codes,
if g(x) is chosen in such a manner that all polynomials containing g(x) as a
factor have a minimum weight or distance (Hamming distance) of d, then no two
keys differing by d or less positions can '~ mapped to the same address.
Application of this theory requires the coeti.cients of g{(x) and k(x), the
division and the polynomial from the key, respectively, to be elements of a

Galois field12 of q elements, GF(q), where q is a power of a prime., Thus,
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s decimal key must have as its components elements in GF(q) with q > 10.
Alternatively, one may expand the key into a vector or a string of elements
with the value of each element smaller than 10. Two Galois fields, GF(2)
and GF(16) have been chosen more or less arbitrarily for this study.

The selection of g(xj was done in two ways: (1) selecting g(x) on the
basis of distance, and (2) selecting g(x) randomly with the restriction that
neither the highest degree coefficient nor the constant term is zero. The
degree of g(x), of course, is determined from the size of the storage available
so that the remainder can cover the range of addresses. More precise and

12 3

detailed discussions on this method can be found in Peterson, - Schay,” and

Hanan.4

In addition to mapping a set of keys into addresses using one of the methods
discussed, it is also possible to create a transformation with a combination of
two or more methods. For example, one may first multiply a key by itself and
the product is then folded to form an address. Here, mid-square and folding are
used in conjunction. Lin's method is essentially a combination of two basic
methods: radix transformation and division. (Actually, nearlyv all transforma-
tion methods require the application of the division method to find the bucket
addresses.) In this experiment, combining methods will not be studied because
it is believed that the characteristics of the individual methods determine the
characteristics of a combination.

Alphanumeric Keys

Since some of the key sets are alphabetic or alphanumeric and since nearly all
the transformation methods operate only on numerical values, it becomes necessary
to encode the alphabetic or alphanumeric keys as numeric keys. Several different
encoding schemes have been tried. No significant variation in performance was
discovered provided the encoding schemes preserve distinctness of the symbols,
The scheme finally selected and used throughout the experiment is to encode the
letters &, b, ¢, ..., z into decimal numbers 11, 12, ..., 36. Numerjical
digits remain unchanged, It is understood that key length refers to the number
of digits after encoding.

1-9




Overflow Storage

In general, the available memory or address space is divided into small sections
called buckets. Every record will be mapped into one of these buckets. Since
aroni-perfect transformation techniques may map an excessive number of records into
the same bucket, methods must be devised to handle overflow records which cannot

be accommodated by their home addresses.

The two basic techniques commonly adopted to accommodate overflow records are:
(1) storing them in vacancies in another bucket in the prime area, and

(2) storing them in a separate or independent overflow area. Many variations
are possible in each basic technique. For example, one version of the first
technique is the search for vacancies successively starting from a record's

home bucket, The process continues until an accommodation is found. (Storage
spuce is considered to be circular and the amount of storage space must be large
enough to hold all the records.) This technique, proposed by Peterson,5 is
usually called the open addressing or consecutive spill method. A variation of
this method is to search for space, whenever a record's home bucket is filled,
915,16 When this

skipping technique is used, one should select a rule such that the entire storage

by skipping a number of buckets as defined by a selected rule.
space can be searched when necessary.

A basic version of the separate overflow method is chaining. Here, the location
of the first overflow record from each bucket is listed in the record's home
bucket. Pointers are stored in each successive overflow record in the chain

to indicate the address of the next record. A variation of the separate over-
flow technique is to provide small areas, each of which can only be used to store
overflow records from a particular section of the prime area. Overflow records
that cannot be accommodated here go to a larger, independent area available to

all buckets,

Our study will be limited to the basic techniques of open addressing and of

chaining in separate overflow areas.
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¢ Performance Measure

In order (o compare the performance of various transformation techniques, a
standard of measurement must be established. After an investigation of various
approaches, the average number of accesses per record and the number of overflow

records were fouaa to be the most appropriate performance indicators,

In open addressing, the number of accesses for a given record is equal to S + 1,
where S is the number of buckets away from that record's home bucket. In
chaining, each record located in its home bucket is said to require one access.
A given overflow record is said to need T + 1 accesses, where T 1is its chain
position. For each transformation, the average number of accesses per record
and the percentage of overflow records for each key set have been calculated.

Further ave gos over the entire eight key sets were then computed.

EMPIRICAL RESULTS AND DISCUSSION

Tables 11 to XXI present the results of the study. Summarized in the tables are
the average accesses per record for the two different overflow storage techniques,
the average percentage of overflows for each transformation, and the standard
errors. It can be seen from thcse tables that t.e division technique gives the
best overal] performance and that the mid-square technique is a close second. In
fact, the mid-square method has the lowest number of accesses per record for

open addressing and loading factors below 0.75. The mid-square method also
provides the most consistent performance as evidenced by the small standard error
for the various key distributions. Among the other methods, the algebraic
technique is good when chaining of overflow records is used. Lin's method is

consistently poor; folding and digit analyses are erratic.

All the transformation technques display the same performance trend; namely, the
number of accesses per record and the percentage of overflow records increases
with higher loading factor and decreases with larger bucket size. The changes
are gradual when chaining overflow is used, but they are very drastic for open
addressing with small bucket size, i.e,, 1, or 2. Indeed, open addressing

performance for small bucket sizes is so erratic that, even with a loading factor
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of only 0.5, there are cases which requirec more than 800 accesses on the average
to retrieve a record. From the results obtained, one can obviously conclude that

open addressing should not be used for small bucket sizes.

The results for open addressing with small bucket sizes are much worse than those
obtained in Peterson's experiment.S The discrepancy undoubtedly is caused by
Peterson's idealized assumption that a Poisson distribution of addresses would

result from the transformations.

When bucket size becomes larger, open addressing improves rapidly. At 20 or 50,
it outperforms chaining in general. However, because of the small number of
overflow records at these bucket sizes, the difference is very slight. Hence,

the use of either technique will be equally satisfactory.

When tabulating the results of the transformation methods on the key sets before
averages are taken, it was found that no mapping method is consistentiy the best.
For example, the two methods using the folding technique are excellent in some of
the files but because of one or two poor results (not necessarily the same ones
in the two different kinds of folding), degradation in performance occurs after
averaging. The same phenomenon occurs for all transformation methods. If,
before averaging, one or two of the poor results are removed from the data of
each transformation, then nearly all the techniques will show about the same

performance.

Every method of transformation has its idiosyncrasies. Let us briefly discuss

each.

Consider first the method of simple division. As mentioned before, the keys are
believed to be distributed in clusters of various sizes separated by gaps of
different lengths. If this assumption is correct, the choice of a divisor.
becomes immaterial. An experiment was designed to shed some light on the subject.

Prime, odd but not prime, and even numbers have been chosen as divisors,

In each of the three categories tested, an abrupt change in performance sometimes

occurs for a small variation in loading factor and/or bucket size. The frequency




of occurrence of this behavior is less than 2% of all cases tested for the prime
divisors, about 2% for the odd divisors and about 10% for the even divisors.

The abruptness is much more pronounced in the case of even divisors., However,
most of the ten percent occurs in the results of two of the key sets. Detailed
investigation revealed that each of the key sets giving poor results with even
divisors has a preponderance of odd numbers. Since evenness and oddness are
preserved after division by an even number, a skew distribution of addresses
exists after transformation and poor performance therefore arises, In general,
if a large number of keys are equal modulo d and if D is a multiple of d,
then the use of D as a divisor will result in poor performance. This is the
basic argument, as suggested by Buchholz, that the largest prime number close to
but less than the size of t“he address space should be selected as the divisor.
However, it appears that most non-prime numbers are valid candidates for
divisors since inferior results are relatively rare, and since they often out-
perform the prime numbers. It is advisable, nevertheless, to choose divisors
which do not contain small prime numbers as factors. This, of course, eliminates
even numbers.

In Lin's method, the choice of a slightly different p can change the results
drastically, The reason for this is not known. Lin2 showed in his experiment
that his technique produced addresses close to a Poisson distribution. Our data
also tend to substantiate Lin's claim. However, as Buchholz believes, perfect
randomization (Poisson distribution of addresses) is not a desirable goal. Our
experimental results corfirm his belief. All transformations (none of which

. . 11
produce perfect randomization) give better performance than true randomization,

Transformation by digit analysis is not recommended. Even with the additional
overhead imposed by the analysis, the results were not satisfactory. Truncation
by observation may eliminate the analysis but it is al<o not very reliable,

The mid-square transformation technique, as mentioned before, can be applied with
some confidence that fairly good results will be obtained. Although it is not
apparent in our tabulated results, this technique can also produce unexpectedly
poor performances. For long keys and short addresses, and if the middle digits
of the keys vary little, a large number of distinct keys will all be mapped to
the same bucket.
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[t is easiest to compute an address by the method of folding keys when the key
iength 1s long and the desired address fits into one computer word, The
operations, shifting and adding, are much easier to carry out than the operations
associated with cther techniques. For key length nearly the same as address
length, this method behaves like the division method.

By far the most complicated method is the algebraic coding technique. Here

even the choice of 3 generating polynomial to guarantee a mir.mum distance in the
code is not an easy task. Experiments with codes of various minimum distances

in GF{2) have been applied to test the claims of advantages given by the
proponents of this method.3'4 They believed that large minimum distances of

a code assure good performince. The data obtained do not substantiate their
assertion since there does not seem to exist any correlation between performance
and the distance of a code. Neither larger nor smaller distances produce uni-
formly better results. Codes chosen at random consistently perform equally well.
The choice of the Galois field also does not seem to be important. As shown in

the tables, the performance figures are nearly the same for both fields used
in the experiment,

CONCLUSIONS

Pragmatic Choice of Transforms

Faced with an arbitrary key set, the selection of a transformation technique is
obvious; the division method is preferred. While other techniques may sometimes
perform better, one also risks obtaining inferior results more often. In the
division method, the choice of a divisor is not necessarily limited to prime
numbers. Selecting a number which does not contain any prime factor below,

say, 20 is probably sufficient to assure good performance.

Overflow Handling

The overflow handling technique to be used depends on bucket size. If the bucket
size is less than 10 records, open addressing should not be employed. For larger
sizes, this technique can be applied to save storage space and yet maintain

cood performance. Chained overflow handlinrg, however, generally gives a much

I-14
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more predictable result because overflow records do not affect prime storage space.
However, in uetermining which overflow handling technique is superior, one must
take into account the characteristics of the storage device and the operational
system, For example, if disks are used, arm motion must be analyzed with the
number of accesses given in the experiment. If chezined cverflow requires a

large number of arm movements, then it may become impractical. On the other hand,
if the system misses rotations when accessing successive buckets, open addressing

may become just as expensive.

Static and Dynamic Data Sets

Although the study here has been limited to static key sets, it is believed that
the data obtained are applicable to dynamic situations where keys can be deleted
or added., From the results of Olson,ll it can be seen that the difference
between a dynamic situation and its static¢ analog (initial loading in Olson) is
relatively very small when compared to the deviations produced by the transforma-
tions themselves, Consequently, the results here can still be used as a guide

in both situations,

Characterization Functions for Transformations and Key Sets

The previous discussions are pragmatic statements based on the results of our
study. This study has l=2d us to a conclusion that it is desirable to create a

more quantitative fundamental approach.

As mentioned earlier, a comparison of the data obtained in this study and that
based on the Poisson distribution of addresses indicates that the idea of
firding a transformation technique that will "randomize" a key set is a mis-
construed objective, This misconception is often the result of the belief that
a "randomizing" transformation will map the keys into evenly distributed addresses,
Actually, an ideal transformation method must map all keys in a file to distinct
addresses, Uniformi:y in the distribution of addresses is not synonymous with
the mapping of a key into addresses with equal probability. Consequently, as
believed by Buchholz1 ond substantiated by the results in this paper, an
efficient transformation method should preserve whatever uniformity exists in
the keys.




Based on this information, we would like to find a set of characterization functions
for the transformations. We would like to classify these transformation methods
with respect to their capabilities in preserving local uniformities in the key

set or randomizing the keys into addresses, Since the distribution of a key set
also plays an important role in the performance of a transformation, we would

also want to define a set of characterizatien functions for the key sets. If

the characterization functions are meaningfully selected, we should be able to

determine which transformation is likely to perform well on a given set of keys.

Let us consider the techniques used by the transformation methods. Generally

speaking, all transformation methods may be characterized as either distributive
or randomizing according to the manner in which the addresses are generated from
the keys. A distributive transformation preserves the order of the keys in the
resulting addresses to a large extent; a randomizing transformation destroys the

ocrder completely.

Let us define more preciseiy the two terms, distributive and randomizing. Let

ko, kl’ ceey kn-l be n numerically consecutive keys. Let 0, 1, 2, ..., n-1

be the range of the mapping, consisting of the addresses of the available slots.
n is an arbitrary integer and is fairly large; for purposes of standardization,
we choose 1000. Since the slots have distinct addresses, these two terms will be
used interchangeably. A transformation T will map each key to one of the
addresses. Let us suppose that the keys ki’ i=20,1, ..., n-1 are transformed
as given by s. = T(ki) mod n. Note that the images of the mapping are not

1

necessarily distinct and that s; does not necessarily follow s5 in the

+1
sequence of addresses. A set of j + 1 images, Siv Siepr o Si+j’ from the

set of keys k.1 < ki+1 < . < ki+j is said to be in order if and only if there
i an i r “ 5.' <5, T ., <8, 0 s v > L
exists an integer b such that 55 Siel sl+J TS, Siel
> si+i' where SQ' = h o+ Sy mod n. The order is said to be destrovad otherwise.
”

Essentially, the above statement specifies that the addresses are circular and that
the set of images are in order if these images can be arranged in one of the two
ways just given by cyclic shifts. Let us define the order length of a transforma-

tion T to be the integer m given as follows: Let T map the keys ko, k ,.,.kr

1
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into the addresses one at a time, starting from ko and carrying on sequentijally.
Let this process be repeated many times starting from different keys. On the
average let the mth key be the first key that is mapped into an address resulting in
a destruction of order. Then T is said to have an order length equal to m,

T is said to be perfectly distributive if m is equal ton + 1. It is said to

be distributive if m is large and randomizing if m 1is small.

Let us define a second parameter, collision length. Again, let T map the keys
into addresses in the same manner as above. On the average let the cth key be

the first key mapped into an address such that the addresses of the ¢ keys just
obtained are no longer all distinct, (Here the order of the key set is not
necessarily preserved.) c is said to be the collision length of T. By defini-
tion, a perfectly distributive transformation has a collision length equal ton + 1.
A randomizing transformation will give a smaller collision length. However, trans-
formations having small order lengths do not necessarily possess small collision
lengths. Conventionally, a measure of the efficiency of a transformation method

is the uniformity of the distribution of the addresses. If a file is accessed
randomly all the time, this measure, based on uniformity, is satisfactory. However,
sometimes sequential retrieval of the keys may be required. Since mass storage
devices are usually not truly random, preserving the order of the keys becomes
advantageous. For sequential retrieval, a perfect distributive method which
preserves order as well as giving a uniform distribution of addresses intuitively
seems desirable. On the other hand, if only random accessing capability is
concerned, the parameter collision length may be a saticzfactory performance
indicator of a transformation method. Of course, due to the arbitrvary distribu-
tion of a key set, a closer to perfect distributive method does not necessarily
give better performance for a particular file. It can only be expected to have

good results on the average.

Of the methods studied in this paper, the division method is an example of a
rerfect distribution. Lin's method is much closer to randomization. Categoriza-
tion of the other methods is not so obvicus because their characteristics depend

on parameters such as key length, address length, and the kind of operations
used. For example, the mid-square method probably has high order and collision

lengths except where keys have a string of zeros giving all zeros in the address

portion of the product.




In addition to the categorization of the transformation methods, one should also
consider the classification of the files by their statistical properties. As
mentioned before, it is quite possible that a particular transformatjon technique
works exceptionally well for a certain kind of key distribution and poorly on
others. However, before making an investigation in this direction, we should

first consider what statistical characteristics are most appropriate,

One approach to the classification problem is to find the underlying distributions
from which the keys are obtained. However, because of the discrete nature of the
situation and the possible arbitrary selection in selecting a key, one will
frequently have difficulty in identifying the underlying distributions. A much
easier and still meaningful approach is to find the distribution of the cluster
lengths and the gap lengths between clusters in a key set. (A cluster here is

a set of numerically consecutive keys separated at both ends from other keys.)
Perhaps the means and variances of the cluster lengths and gap lengths will be
sufficient to classify a set of keys for our purpose. In addition, the density
of the key set, or the ratio of the number of keys in a file to the number of keys
possible in the key space, also plays an important role and should be taken into

account.,

Let us discuss briefly the importance of these parameters. Let m., mg’ v. and

vg be the means and variances of the cluster lengths and gap lengtns respectively
with the subscripts ¢ and g denoting cluster and gap. Let d be the density o

I
out the range rather evenly and a distributive method probably will have little

a key set, If m.. mg, v and vg are all small, the keys are scattered through-

advantage over a randomizing method. With a large m., @ distributive method
is expected to do well because the key distribution here resembles the set of
keys used to define the characteristics of a transformation. The parameter gap
length is particularly important to the distributive methods where a wrong choice
of parameters may result in many records being mapped to the same address. This
can happen easily in the division method. For example, if vg is very small,
one must select a divisor in the division method not equal to mg in order to
avoid an excessive number of records from going to the same address. The third
parameter, density of a key set, has great influence in altering the performance
characteristics of a transformation method. For instance, if d 1is large, the
folding method can behave almost like the division method.
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The discussion of the categorization of transformation methods and the classifi-
cation of key set distribution suggests a further experiment to test the various
conjectures. In this experiment, the transformation methods should first be
characterized with the use of the parameters of order length and collision length.

Then we proceed to obtain the parameters mc, m, v vg and d from the key

.
sets, which ideally should include some files wgth §imp1e underlying distribu-
tions as well as some files with arbitrary underlying distribution. Applying

each method to the key sets, we may be able to derive from the results the
correlation between the two sets of parameters with respect to performance, If
this can be done, then we know how to select a transformation method and associated
parameters whenever some simple statistics of a key set are available, In the
absence of any startistics, we can always simply use the division method with an

arbitrary divisor as suggested earlier.
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A QUANTITATIVE APPROACH TO THE SELECTION OF SECONDARY INDEXES *

by

F. P. Palermo

Information Sciences Department
IBM Research Laboratory
San Jose, California

ABSTRACT: In this report, formal definitions of the concepts of secondary index,
key index, query and query load are given. This is done for the case of a single
relation (a subset of the cartesian product of a number of domains). The defini-
tions are used to formulate a problem in secondary indexes and show how the
concept of query load is related to the concept of secondary indexes. An evalu-
ation criterion is formulated which pinpoints the kind of input data that is
needed to evaluate various selections of secondary indexes to match the query

load.




INTRODUCTION

In information retrieval systems, data is stored on the peripheral storage
devices in several possible ways, One method is to divide the data into records,
each of which has a unique identifier called the primary key and to physically
store these records so that a record can be easily retrieved if the key for that
record is given. However, if a request is made to retrieve a record by giving
the value of a particular attribute other than the key attribute, all of the data
has to be retrieved and examined in order to respond to the request. In order to
make this kind of retrieval more effective, an auxiliary table may be created
which either directly gives the addresses of those records that have specified
values for the given attribute, or indirectly to give the list of keys for those
records having the given attribute value. When such a table is created, we siy

that a secondary index has been created for the data.

Clearly, this added retrieval capability becomes more desirable as the number of
requests for records using this attribute increases. However, the price to be
paid for this capability is the added amount of space required for the storage

of the table. Requests for retrieval of records are called queries. 1If a

number of different attributes arise in the queries which refer to this daza,

the cost of storing the additional secondary indexes to accommodate the attributes
increases, The éroblem of secondary indexes can then be phrased as follows: In
view of all the queries on the data, what set of secondary indexes should be

selected to facilitate the retrieval and keep the storage costs down.

In the following sections, formal definitions are given for the concepts of key
: index, secondary index, query and query load in a set-theoretical framework.
' We restrict our considerations to a single relational set R which is defined
as a subset of the cartesian product of a number of domains. This formalism
enables us to define the concepts of key index and secondary index in terms of
partitions of R into subsets. It also enables us to give unambiguously the

essential features of a query which include the subset to be retrieved.

&
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Once these notions are clearly specified, a quantitative measure of compatibility
between index induced partitions of R and the pertinent subset of data specified
by a query is introduced. An evaluation criterion, in terms of these compatibility
measures and the parameters extracted from the query load, can then be established

to aid in the selection of secondary indexes.
SECONDARY INDEXES AND PARTITIONS

In this section, we consider a relation R as 2 subset of the cartesian product

of elementary domains Ai’ i=0,1, ..., k.
Thus Re A=A xA x .., XA

For each i, we consider the projection of the cartesian product A onto the
factor Ai' This projection defines a functi-.n Hi t R > Ai which we call the

projection of R into Ai'

In the case where Hi : R+ Ai is 1 : 1, we say that the domain Ai is a key
domain. Thus a domain is a key domain for the relation R if the projection

then r, =r

satisfies the condition: 1If Hi(rl) = Hi(rz), 1 2°

We shall assume that AO is a key domain for the relation R. We let RO c A0

be the image of R under the projection HO. Thus HO PR~ Ro establishes a

one-to-one correspondence between the elements of R and the elements of RO

which are called the keys for R.

Since HO is an isomorphism between R and RO’ we shall, in the following
discussion, deal with R. However, the entire development can be done in terms
of RD.

We introduce the concept of a partition of R. We say that a collectionié?%R)

of subsets nof R forms a partition of R if:

(1} For Bl and 82 1nJ§?%R) B1 n B2 = § whenever Bl # 82. i.e., the

elements of &/(R) are pairwise disjoint.




. . i N B
{(2) R is the union of the elements Of.@m- i.e., R= Bg@(k)‘

We now show that partitions of R arise in very natural ways. Let L = {0,1,...,k}
and let A = A0 x Al N Ak be the domain of R, i.e., R « A. For -each
n

subset K < L, we form the cartesian product A= ek Ai and let HK PR AL

be the projection function from R to Ag-

For each a in A, we let R(a, K) = {r ¢ R]IIK(r) = a} and let
%R) = {R(a, K)Ia € AK}, It is easy to see that@(R) is a partition of R.
We call this the partition of R induced by the projection HK'

If K = {k}, we write@(R) instead of\%(R).

Ifﬁ andﬁ are two partitions of R, we define the intersection of the
1 2>

partitions denoted ﬁl n@z to be that partition of R consisting of all
sets of the form A n B where A q’% and B @2.

It is easy to extend this concept of intersection of partitions to a family of

partitions. We can show that if K ¢ L, then the partition induced on

K,
R by I, is the intersection of the partitionLgia for i e K.

Thus,_?;= N g

ieKe1"

We are now in a position to define the concept of secondary index. Letﬁ

be the partition of R induced by the projection II R =+ A . The function

K ° K
¢»K : AK -:g? defined by ¢K(a) = R(®, K) is called an index of R with respect

to AK'

Thus, we see that an index is a function between the domain AK and the

partition induced by the projection J’[K.

In the case where HK is 1 : 1, the partition, ’9‘;@) is inl : 1 correspondence
with the elements of R and the corresponding index ::\K may serve as a key
index.




2.

QUERIES AND THEIR FORMAL DEFIN1TIONS

In this section, we . .all formulate definitions for a query and show how they

relate to the concepts of index and partition defined in section 1.

First, we observe that given a relation R, a query is a request for the values
in a selected set of domains for a subset of R, The subset of R 1is specified

by giving a qualifying expression.

Thus, for example, a query can take the form: What is the value in domain Ag
for all elements of R which have a value b in domain Al? Thus, a query Q
can be thought of as having two parts, a specification part and an output part.
Formally, we write Q = (QS, QO). Here QS is the specification part of the
query and defines a subset of R. QO is the output part of the query and
specifies which domains are required to be displayed for the subset -f R
specified by QS‘ Thus, QO must specify which domains are to be displayed.
This can be effectively achieved in the case where the relation R is a subset
of A, the cartesian product of the set of domains {Aili = 0,1,...,k}. If we
let L =1{0,1,...,k}, then Q, can be specified as a subset of L. i.e.,

Q0 c L. For the remainder of this paper, we shall be concerned with the
specification part of the query.

The function of the specification QS of the query Q 1is to determine a
particular subset of R. In order to do this, observe that the only means we
have to use in the specification of a subset of R are through the use of the
projections of R to the elementary domains. Thus, we let p(a,i) stand for
the expression Hi(r) = a, The subset of R defined by p(a,i) will be
denoted by R(a,i). Thus, we have that R(a,i) = {rini(r) = al. We shall call
an expression of the form pf(a,i) a primitive expression and the corresponding
set R(a,i) a basic subset of R. If we compare the definition of R(a,i)
with the concept of partition‘fgf?k), we see that R{a,i) 1is an element of the
partition.j?%%R). In fact, it is the image of the index @i : Ai ﬁié??ﬁ)
evaluated at a, i.e., R(a,i) = ¢i(a). In this case, we see that the query
specification defines a particular element of a partition. We are now in a

position to define the scope of Qs the specification part of the query. We

b




take QS to be a subset of R defined by QS = {rIP(r)} vhere P(r) is a
well-formed formula of the first order predicate calculus which has no quantifiers
and is obtained by using the primitive expressions defined above. We restrict
ourselves to this type of query specification in order to avoid the myriad

complications which arise by allowing quantifiers,

Now it is well known that every formula P(r) can be transformed into an equiv-
alent formula which is in what is called the disjunctive ncrmal form. We say

that a formula is in the disjunctive normal form if it is of the form

P1 v P2 Vool Y Pn , where each Pi is the conjunction formed from the clementary
expressions and their negations.

Thus, P(r), the qualification statement has the form Pl(r) v Pz(r) vV ... Vv Pn(r)
where each Pi(r) is the conjunction of terms as above. Since each Pi(r)
defines a subset of R by the formula Bi = {rIPi(r)}, we find that the qualified
subset QS of the query can be written as the union of the sets Bi' We shall

look a little closer at the expression Pi(r).

Let Pi(r) be the conjunction of terms, each of which is either an elementary
expression or the negation of an elementary expression. We observe that in this
conjunction at most one elementary expression for each domain can occur. Thus,
we observe that the elementary domains represented in the formula for Pi(r)
form a subset of all the elementary domains and can be characterized by a subset
K of L= {0,1,...,k}.

PN

Thus, Pi(r) = jex qj

where qj is an elementary expression of one of the forms:
1) @ (r) = a, for some a. € A,
( J() 3 ; j

(2) nj(r) # aj for some aj € Aj'

1~
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The set K can be divided into two subsets K+ and K as follows:

] € K ir MM.(r) =a. for a. ¢ A,
TEN i) =gy i

j € K if I (r a. for a, e A, .

J _ J( ) # ; j ;
We then define for each Pi(r), the corresponding conjunction Pi'(r) defined
by

[} = N
Pyt (r) jek, 93

Clearly, Pi(r) implies Pi'(r) because of the tautology p A q + p.

In this case, take p = j2}+ qj ’
oA
: 7 jex 9
; oA -
Then p A q = jek qj Pi(r)

and the result follows:

Now for each Pi(r), let Pi'(r) be conjunction obtained as above and define
B. = {r|P, (r)} and
i i

LI, LI
B, {rIPi r)}.
Some remarks are in order relative to the set Bi’.

1f K =8 i,e., K =K, then all the conjuncts are negatio.s of elementary
expressions. In this case, we take Bi = R,

Thus, for each query Q

(QS, Qo) we can assign two families of sets, namely,

B. i=1,...,n and Bi' i=1,...,n




corresponding to the specification expressicn's conjunctive normal form
Pl(r) v Pz(r) Voo,V Pn[r) where each Pi(r) is the conjunction of elementary
terms. Observe that Bi c Bi' because Pi(r) impiies Pi'(r).

3. QUERY-PARTITION COMPATIBILITY
In this section, we shall introduce a qualitative method for comparing a query
with a partition. First we define the notion of a set B being compatible with
a partition. Then we extend this concept to a query and finally, to a query load.
Let B be a subset of R and Lé;aa partition of R.

'l‘hus,,_gi7= {Raia e al where the Ra are pairwise disjoint and their union is R,

We say that B 1is equi-compatible with Lé;‘gif

B = Ra for some a € o ,
B is under-compatible with ké;yif
B Ra for scme a e o ,

and B is over-compatible with héijif

= U ¢
B AT Ra for some £ <« .
B 1is said to be in-comgatible with Léigif none of the above three conditions hold.
If B is not incompatible withkf;? then B is said to be compatible with t£2d

It is always possible to find a subser y of a such that B Q?Y Ra. The
above definitions of compatibility are used to distinguish the special cases
where the subset vy consist of a single element of a or where the inclusicon

is actually an equality.




Let 1Bi1i = 1,...,n} be the family of sets corresponding to the query specifica-

tions Qg us given in section 2,

We say that the query Q = (QS‘ QO) is compatible with the partition L§¥9if cach
B.l is compatible with S

Now that we have Jdefined the compatibility of a query with a partition, we
introduce the notion pt a query load and extend the concept of compatibility to

that of the query load being compatible with the given partition.

The concept of query load is obtained from the intuitive notion of all the
queries which are formulated for a period of time for the relation R. Thus,
supposc that over u period of time, the set of queries {Q,]i =1,...,N}

are observed, each occurring with a frequency hi’ i=1,....N. Then this gives
some indication of the requirements of the system with respect to questions asked

of it for the retatior R.
Thus, we shall define a query load ,529}0 be the set of ordered pairs

{(Qi. hiﬂi =1,...,N}, where Q, isaquery and h, is

an integer representing the frequency of occurrence of Qi'

a¢ coulu extend the notion of the query load J§?7to be compatible with the
partition Lff‘gin the obvious way, i.e., by requiring that each Qi be compatible

£
with .

However, this approach leads to a classification of a query load and a partition
being compatible which ignores the frequency of a query. Thus, for example, a
partition Léiamay be compatible with all but a single query in the query load and
he classified as being inconpatible. Thus, we seek to introduce a concept of

degrec of compatibility.

s a first approximation, we assign some figures to mecasure the degree -

compatibility between a set B and a partition égﬂ
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Thus, we assign values Cys €5 Cg and ¢, to the set B depending on its

compatibility with the partition 27 The assignments made to B are usiven

in Table 1I.

Type of Compatibility Value

Equi-compatiblc <,

Over-compatible <,

Under-compatible cs

In-compatible <,
TABLE 1

The values of the <5 's have the further constraint of being ordered. Thus, we

postulate that they satisfv the inequalitie«-

Clicz_

Intuitively, these inequalities reflect the notion that, for cxample, it s
easier to retrieve B if it is equi-compatible with Lgtath.m if it is over-

compatible with Lf??

Thus, to each query we uassign a value which is obtained as the sum of the values
for the individual sets Bi associated with the query. Some care should be
exefcised here in the sclection of the Ci' but we are interested 1n a first
approximation for the measure of compatibility between a query Q and a partition

Thus, we can attach a measure of compatibility between u query Q@ and u
partition tfézzf R which we denote by o {Q, 490]

If :947 {(Q , h. J|1 = 1,...,N} is a query load, then we can define @ measure of

compablbllxtv betwcen a§z21mj 3%9 denoted by LLS?iﬁfo)h\ the formula
N )
L‘(,/,u})) Q7
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By this procq@grc, we can compare the various partitions L_(j?‘awit:h respect to the
query load Js/’und thus, obtain a first order qualitative evaluation of the
partitions of R with respect to a given query load.

'his measure of compatibility between the query load :E?yund the partition &

can then be used to evaluate the effectiveness of choosing an index. This follows
casily trom the definition of index given in section 2. Thus, it L is the set
of domains which are to be used as sccondary indexes, we consider the partition
{jf? corresponding to this set | and evaluate the function ché?a,igfg to

give a f}gurc of merit for the secondary indexes L as related to the query

toad _,:

This framework can be extended in several directions and the abc.e discussion
only scrves as a first approximation to the selection of a set of secondary
tndexes which are responsive to a query load. The principal problem which the
Jesigner now must consider is the appropriate selection of the values €y oo
o, oand Cy These values should reflect the actual physical size of the data
stored, and the access times for the retrieval of the atomic particies of the

partition being considered.
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SOME RESULTS ON STORAGE SPACE REQUIREMENT AND RETRIEVAL

TIAE IN FORMATTED FILE ORGANIZATION *

by
S. P. Chosh

Information Sciences Department
IBM Research Laboratory
San Jose, California

ABSTRACT: Some basic mathematical concepts underlying the interaction between
queries and records of a file have been discussed. Formulas, for the storage-
space need in file organization when chaining techniques are used, have been
derived for Simple formatted files and Hierarchical files. Some simplifications
of formulas in special cases nave also been discussed. The results of the
ci.aining technique have Deen compared with that of the Inverted File. The
average retrieval time need to retrieve records when chaining technigques are

used nave been calculated and compared with that of Inverted File organization.
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1. INTRODUCTION

In electronic data processing, information is recorded as sequences of binary
bits. A collection of infoimation describing an event, a physical object, or
any other type of entity is usually called a record. In general, a record is a
collection of small information units which represent values for the attribute
or properties of the entity. This record may be represented as (vl,v2 v..,vm)
where the vi's are information units. Normally each entity is uniqucly identi-
fied by the value of somc attribute or combinaticn of attributes to allow ¢

to be discussed and maintained unambiguously. Sometimes an identification
information unit is added to each record or onc or more information units in
the record may be used as un identifier. The identifier is usually called the

key of the record. Thus, if there are N reccords, thev may be represented as:

where ki is the key and the vij's arec the m, different information units
contained in the 1th  secord.
A collecction of records is called a file. If the information have some tormat

structurc imposed on them then the records are called formatted reccords; and

the file is called a formatted file. In most data processing problems, the

files are formatted. In this paper, we will consider only two types of

structured files; namely, Simplc Formatted Files and Hierarchical Files,

With regard to the contents of formatted records, the value or intformation
unit relating to the same attribute is stored in a fixed position with respect
to other information units in the record. This relatively fixed position of
a record, and hence of the tile, is often referred to as a field. Thux all
the vij's for a fixed 3 and 1 =1, 2, ..., N mav be referred to as vialues
of the jth tficld or jfn attribute. When cvery ficld represents a poavsically
distinct attribute and every record contains once vialue of cach attribute, then

the file is referred to as a Simple Formatted file. Thus 1n Simple Tomattad

file, all the mi's are equal,
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In a large tile, the values of an attribute will not always be distinct. There
are some attributes for wiich every record will have a distinct value; but in
most ot the practical situations, this will not be true. Thus the frequency
distribution of values of one or more attributes will be a useful statistic in

many problems relating to information storage and retrieval.

Tne ability to retrieve segments of information, when desired, is one of the

most important aspects of storing information in a computer system. The process
specitying the subset of the file to be retrieved is called querying. A query
esscentially specifies a subset of the file by a series of conditional statements,
and tie retrieval process consists of retrieving all records which satisfy those
statenents. The information specified by a query may relate to tie key field or
to values of other field, e.g., Retrieve all records whose keys lie between K'
and K" or retrieve all records in which the the jth attribute has the values

v or v, or v, etc.

l’
The query structures imposes a frequency distribution on a file which may be
explained as follows. Consider a simple formatted file with attributes

\l’ AN, A”. Tae attribute Aj can take "j values, j=1, 2,...,m. Thus

m
n

the total number of different types of records possible is nj=n. Though

j=1
n types of records are possible, the file may contain fewer records. If tne
tile contains more than n records, then there are some records which are
tdentical with respect to the m  attributes Al’ A,,...,Am; but there are
4

otiher information uaits in the record which makes them distinct. Let

>
[0
<
9
>
u

f'(Al = v vm) (1.1)

denote the trequency of the number of records for which the attribute A1
takes the value v A, takes the value v_,..., Am takes the value Vo The

1’ 2
trequency functions (1.1} characterize the frequency distribution ot the records

in the file. [t the queries specify values of attributes, then the frequency

distribution of queries can be cerived from (1.1), e.g., suppose a query specifics
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A2=V2""Ai=vi’ then the frequency of this query is given hy

E f(Al=v1. A2=v2,...,Am=vm)‘
S.
1

where Si is the sum over all values of the attributes Ao A e, A

One of the main purposes of organizing records in a file is to reduce the time
needed to retrieve the records pertinent to queries. The problem becomes more
complex because of some uncontrollable factors like addition of new records,
addition of ncw queries, etc., which have to be taken into account. In a dvnamic
environment as the size of the file grows, the cest of reorganizing the records
becomes large. In most cases, the same record is pertinent to more than onv
query, hence the problem of additional storage space becomes another restriction
on organization. The two important factors, storage-spacc and retrieval time,
act in opposite directions in file organization. Thus, trying to reduce once

of these factors leads to increase in the other. The two extreme situations

are reflected in the Query Inverted File Organization and Natural Storage

Organization.

An appropriate meaning of the term, Query Inverted File, is '"to reorganize the
records in such a manner that cecrtain tvpes of information units can be re-
garded as identification units of the records." Thus, a simple formattcd tile
can be inverted with respect to the values of one attributc or combination of
values of one or more attributes or with respect to a set of queries.  Supposc
there are Kk queries represented by Qps Gprecesys Then an inverted File
with respect to thesc queries is constructed in the following manner. All
records which satisfy the query qi(i=1, 2,...,k) are stored in adjacent lo-
cations, with q; as the identification label for all these records. It is
obvious that if a record qualifies for more than onc query, then it will have
to be stored more than once. Hence redundant storage-space iz needed.  As
records pertaining to any onc query arc adjacently stored, retrieval time 1.
minimum. Thus in the Query Inverted File storage-space is sacrificed tor

retrieval time.
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In the Natural Storage Organization, the records are stored in the same order as
they are added to the file, i.e., there is no special type of organization. Thus
the storage-space needed is minimum. When records pertaining to a query are to
be retrieved, the query is matched with every record in the file to determine

the pertinent records. Thus the retrieval time is maximum.

Other file organization methods try to balance betwean storage-space and retrieval
time by using other techniques. One of these methods, usually referred to as thLe

chaining technique, will be discussed in details in this paper.

The main concept underlying the chaining technique is to link records pertaining
to a query by link fields. The link field contains the location of the next
record pertaining to that query. Thus the necessity of scanning all records to
find pertinent records can be eliminated. When a record qualifies for more than
one query, redundant storage of records can also be avoided. Storage-space for
the chaining technique is larger than Natural Storage Organization because of
the link fields; and the retrieval time is more than Inverted File because the
records are not stored in spacial proximity. 1In sox2 situations the chaining
technique can be very complex because it depends not only on the pertinent
records but also on the physical locations of the records in the storage system.
There are many methods for reducing complexity of the chaining technique, but
this can be achieved only by increasing the retrieval time or storage-space

or a combination of both., One such method is grouping records into buckets and
then confining chaining to within buckets. Details of such methods will be

discussed in the latter part of the paper.

The concepts discussed in this section are fundamental concepts of file organiza-
tions. These have been introduced in the field by many researchers, and the
original inventors cannot be identified. Yence no attempt has been made to
associate literatures in the preceding discussions. However, some references

in which these concepts may be traced are: Gray et al (1961), Buchholz (1963),
Baker (1963), Davis and Lin (1965), IBM Report (1967), Abraham, Chosh, and

Ray-Chaudhuri (1968), etc.
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2.

RELEVANT MEASURE-SPACE FOR STORAGE

In this section we shall introduce the structure of the space of events and the
measure functions that have to be defined for calculating storage space when
the chaining technique of organization is used., Let the set of queries be
denoted by Q3 Ggsve sy Each record can be classified into two classes with
respect to a query; namely, whether the record satisfies the query or not.
Without any loss of generality, the symbol qy can be used to denote the event
that a record satisfies the query 9 and 51 to denote the event that a record
does not satisfy the query qy- Thus the binary event space of the query q; can
be denoted by Qi = {qi. 51}. Consider the k-dimensional product space denoted
by

S= Q1 b Q2 X soeX Qk'
An element of this product space is denoted by ﬂs(ﬁl, “2,...,Qk) where “i can
take two values qy and ii. The element A represents the classification of a
record with respect to the set of k queries, eg., if 8= (ql, 52, 63...,qk),

it means that the particular record rorresponding to P satisfies the query 9

but does not satisfy the queries 9, and 93 but satisfies 9y - In order to define

any measure over the product space S, sigma-fields (o-fields) have to be intro-
duced. As each Qi is a binary field, the o-field over Qi contains

oi={qi, 51' ¢i’ Qi}’ where ¢i is the event that a record has no classification
with respect to the query 9y and Qi is the event that the record may or mav
not satisfy the query q,. Thus the g-field over S (0{S}) is the product space
of the o-fields over Qi's, i.e., o{s} = (01, 02,...,ok). For everv sec{S},

f(o) will denote the number of records in the file for which the comnound event

0 1is satisfied.

Example 2.1

Suppose there are 4 queries denoted by 9y Ay Ggs and a,: Then S contains
4 Om( & 2P a =

2* points of the form 9=( 1 Fb, F%, 94) where (=4 oF Ty, i=1, 2, 3, 4.

¢ {S} contains 4" voints of the following type:

g = (”l‘ 02, 03’ 04)

where Gi can take any of the four values qy 51. ¢{. and Qi for i=1, 2, 3, 4.
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Thus an event of the type (ql, a,, vy ,4) ~represents a record which satisfies
the query 9 does not satisfy the auery Qys has no classification with respect
to the query g9 and mayv or may not satisfy the query qye f(0) indicates the

numher of records in the file which have the above specification.

Simple Formatted Files

In the simple formatted file, anv record can be classified into three states

with respect to any querv: namely, qqs ai’ and ﬁi. Thus for a simple formatted
file, Qi
be discussed in the present context.

does not appear in any co-crdinate position of 3{S}, hence, will not

In this representation, the frequency of records pertinent to a query a is
denoted as

f( 1’ j2,...,fi_1, qi, i+l,...,:fk). (2.1)

Thus the frequency of the records which are pertinent to the queries
qi . qi ,...,qi. is denoted by

2 i

F(  eeesQ, soeel, soos@, yous ) (2.2)
1 il 12 1i k

For calculatineg the storage-space needed for chaining technique, it will be

assumed that the records are of equal length. The length of a record will be
denoted by r. In chaining technique, duplicate storage of records is avoided
v using link fields. Hence, if the querv set is given by Qys Cpseeeslys then

the frequency of records in the file organization is given by

)] (2.3)

He &=+

f(B) = £,

o] ™ ~ s} s}
191 Gl mgseeesmygs Ggs gt g

The symbol f(B) 1is used to represent (2.3) because in many file organizations
the chaining is done only within a bucket, hence if Qps fgses+»qy are the queries
nertinent to a bucket, then (2.3) gives the frequency of a bhucket, (2.3) can

he expressed in terms of (2.1) and (2.2) in the following manner:

If exclusive union is denoted by + and difference by -, then
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(ql, uz,...,Qk) U (Ql, qys 93,...,Qk)

- a2 )

= o .ot Q imgaceyll
(qli —2"' ’Qk) + [( 1’ qz’ '3l ’ k
- (g, 22,...,Qk) n (Ql, 9y 23,...,Qk)]

= “ ) Q. U ~ Q).
(ql’ “2!"',“k) + (ql) “21"'i9k) n (Ql’ qzi Q3""s k)

Thus, f[(ql, ?2,...,Qk) U (Ql, 9y 13,...,Qk)]

~

= f(ql, Qz,...,Qk) + f[(ql, 32,...,Qk) n (Ql,'qz, u3,...,Qk)]

- ~ 0
naeres k) + f('l’ dys w3,...v13

= f(ql,
- f(ql’ qz’ “39“‘!~k)

~

Similarly, (ql, ;Z,...,Qk) u (Ql, 9y, ”3""’Qk) ") (Ql, 32, qq ;&,...,lk)

= 2 g.. O ~ N n &
= (ql' >21"'b“k) + (ql, "2""v“k) 2l (wl’ q29 43"'°9~k)

~

4 (ql' 92,...,Jk) n (7

C., a 2 ).

. o) 0
‘1’ q2’ ‘-'31""“1() n ("’l’ --2' .3‘ “4""!'“k

Thus, 1 T B T BT (s A TP )

= . ) -~ ~ N O o - ..
£y Tpreea) *+ FL G0 Dguenn )+ E(O, Doy 0y Taeeny )

- o n - 9 o o
f(ql’ q2! “3""1“k) f(qli “29 q3’ La!"')~k)
- f(le q2’ q3’ 4’..', “k) + f(qls qzt Q39 Qav-"g?k)A (2-5)

Similarly by induction it can be shown:

- Koo - - -
f(B) f[i-—il( 1""‘ i-l, qil -i+1!".')‘ k)]
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k k
- E E 1 R s Qy 1eeel, seeey )
L .Ll-l ll 1,4 k
i, =2 1i
1 2

|3 Ik
+ E E E F 00 i@y ymeeQy yeeel, yeeey )
1 i i, iy Kd

11 x.iz z 13
+ (-pktt Faps Gpoeees G (2.5)

It (2.6) is multiplied by the length of a record, i.e., r, then the space
oceupied Ly the records excluding the space occupied by link fields can be
obtained. I{ the length of the link field is assumed to be constant and

cqual to 7, then the space occupied by the link fields 1s given by

k

E : [f(Cl,...,Qi_l, q;> Qi+l" oy Qk) ~-11] (2.7
i=1

It should be noted that though no link fields are needed for the last record
pertaining to a query, vet a termination field is needed to signal the end
of the search. If the length of the termination field is denoted by 21, then
the space needed by the termination field is given by:

le (2.8)
Hence from (2.6), (2.7), and (2.8) the storage-space needed for the chaining

technique is obtained as:

k
N = { (9} I Lﬁ .. Q
S(C) = rf(B) + E RE@ueeey O 10 s 2 aeees 9)
i=1

+k (21—2) (2.9)
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The formula (2.f) beccmes simple in some special cases, which ar. given belov:

Special Case I: Freaueacy distrilution of cueries is uniform and the dcinf

frequencies are products of individual “requencie..

Such situat.ons mav occur sometimes. Mne g¢ramnic of such a situation wil! he
when the distribution of the records with respect to all patterns of values of
attributes are uniform and the query set consists of ~ueries whirch specify

values of an osqual number of disjoint attributes., For sucrh a situation,

£.0,y Sogeae, 7 Q. Oy, O = N/k for all i
AN 1! 2, ] l-ll .1' i+l’ y L’_)

f(?l,..., Qg serer 4y ,...,‘b) = ‘:/k2 for all i] and i2 and sc on.
5 2

Hence FOB) = N[1- k(;:l) l;,+ k(k-lg.(ktzl'l§-~-+ (-1 ;T]
H K H B [
k K !
e 1 N _ B
= n01- 3 Gen 0N - R EThe ™ Sy o
o 3T 4k 1!
Yo o ),
Hence  S(0) = Nrll- = (k=1) + 5 (h o Lo thy L aen™ oy
2K 22 3 '3 o]
3k 4k S
N4 k(-0 (2,10

Special Case II: 1Invariance of proporticn of pertinent records with resnect

to queries in anv subset of the file.

In such situations, the frequency distribution of the nueries can be stated as

n ~ ) o = N , -
f( e Sy a5 Ciap 'k) \pi where 9<ni 1
O G
and f(ul,..., qil,..., qiz,..., qi",..., "k)
A
= N T QL yenn RS ceey ©
Moger TCee By i 8y 0 Ty e )
9! |
=N 7
= p
=1y
k k k k k Kk
Thus f(B) = ‘\'[E :pi ‘E : z : Pili’l‘,*': :Zz :Pi Py Pyt
i=} i, 1 - i "
1 2 il 4 12#13

k+1
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k Lok k k k
Hanew 5{C) = rN [ E p. — E E , PPt p, o, »pn., +
L 1 11 i, 11 I, '13
i=1 i, #1 < i #i # 1 -
1772 1 2 3
k
el A
e, (=1) DiPys s DL]+ v : P, + k(9]-?) {(2.12)
= i=]

Special Case I11: Disioint suveries with resnect to records.
An examnle of such ¢ gitvation is 1BM's ISAM file organization, The records

heloneineg to the auery qi mav be denoted hvy n(o,,). Thus disjoint cueries implies

where & is the emptv set.

Thus fR .o.a, ,oven, Loawa. Lo.., N) = 0N faor Tr'=2,3,. 0,k
1 1] 12 1L, k
Hj S F{y = F{ o~ o~ —~
ence F(B) E ,(,1,..., S Yy G410 k)
i=]
k
3 ; = ? E £( - - - 4 -0 2
Se ${C) (r+?) _(.1,..., =1 40 e k) + k( 1 ) 2.1
i=1

Special Case IV: Nested queries.

A set of queries q,, Ggsvees Q 3T called nested if there exists a querv aq

amone them for which D(qJ) 5 nlq,} for all i.

Such situations are found in manv practical situations; and in many file organi-
zations with bucket arrangements, this property of queries may be used for

reducing storare space, In such a situation

)

= ) o O
£(B) = €0 2eees Oy s Qg0 Oppaeeny B

Thus S(C) = rf( @

a 8] i
-11"'| “J‘-l‘ qJ‘ '~J+1:"') k)

1-

~

¢ - oy 193 “1
*2: s Tyl Y Py Y

i=1

+ k(2 =) (2.14)
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Special Case ¥: Disjoint nested queries.
In this situation, the query set {s such that it can he divided inlo L ernuns
{any size) which zre denoted hy Q;, (DN Di with the followine nraopertios:
(i} If g, *¢ O; and qi s ﬂ: then n(qi) nolg.) = 4 for everv clepent of

i i ‘ i

v

¢ and 0 when 1#1.
i 3
(ii) 1In every group O; there exists a q, such that
i
Iol¢ S on( for everv £ 0,
tqJ‘) _qi ) or everv qi )

i j i

In such a situation

B eee s Ay yarny A, qeven Qo gose o) =D far M=%, ..., L.
1 Jl 12 JQ. [
L
.\ Vo= o - ~ ~
Hence f(B; E f(wl,..., 7 -1 uJ_, FIFSEERREIE
i i i
i=1
K
and S(CY = Ty ey 2 o a
ne © r§ :f(“l’ RS LI BN IPERTERTIEY
ey i i i
S GO o S
+S : Comeees T 95 Tyagreess Ty
i=1
*’\(Tff). (2.1%)

It would he interecsting to commare the storage smace for Inverted File Organiza-
tion with that of the chainine techniaue. For the Inverted File Oreanization,

the storage svace is

I
S(I) = E O ey 7 - —
(1) r ( 1’ i-1" qi' i+1® . ]\) (2.1%)
i=}
For comparing (2.16) with (2,9) we will assume that .= . hecause in most

1
practical situations, the difference will be verv small. Thus

i k
S(1) - s(C) =r ey O Ry “es
( {0 E 2 s -1 qil' Ty e h)
ilixg :
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(2,17

In zeneral, it is difficult to say whether (2,17) is pesitive or negative; but
in special cases, some conclusions can be arrived at. If the Inverted File is
constructed on addresses of records and the chainine technicue is also performed
on addresses, then the length of the address fieid mav he almost equal to or
less than that of a link field. When 7 ¥ v, (2.17) is negative, hence the
atorage space is less for the Inverted File than the chaining technique. In
many situations, the Inverted File and chaining technigue are avoplied to the
records directlv. In such case: v > 2, jif r is large in comparison to £,
the storage space for the Inverted File will be preater than that for the
chaining technique. The actual switching point will depend on the frequency

distribution of the queries.
HIERARCHICAL FILES

In nierdarcmical files, a record contains two distinct types of segments. One

part is called Header, or Master, or Level 0, or Primarv segment: and the ather part
is composed of a number of smaller segments which ore referred to as Repeated
segments or subordinate segments or Level 1, 2, ertc. The primarv segment has

a simple formatted stcructure with pointers or links pointing to the subordinate
segments. For simplicity, it will be assumed thar there is onlv one subordinate
level which may contain repeated information, e,g., the primary segment may
contain information relating to the head of a family and the subordinate level

mav contain formatted i formation about the members of the family,
In hierarchical files, a query may relate to primary information, ar subordinate

information, or a combination of both. Thus, in chaining techniques, it may

be necessarv sometimes to link a subset of subordinate information of one
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record with that of another record. Hence each unit of subordinate infarcation
must have its own identification label or key. It i« needless to sav, that each
primary sepment has an identification label, The identification of 2 unit of
subordinate information usuallv contains the identification of the nrirmary
segment 2ind some additional bits tor its own identification, The interactien

of a query witn a record in a hierarchical file can be complex. Sometimes onlw
the primary sepment may he pertinent to a queryv, and other times onlw some units
of the subordinate sepment may be relevant. Thus for the chainina technisue,
link fields have to be attached to each unit of the segments. The lenzt: of the
primary segment and the units of the subordinate units mav he different, hence
for calculating storage-space it is necessarv to have the frenquency distribution
of both the primary segments and the units of the subordinate segments with

respect to the gueries.

The event space and the 7-field associated with it is the same as in simple-
formatted file. The difference is that now a hivariate frequency function i«
associated with eac!: element of the <2-field: one for the primarv seaments and
one for the units of the subordinate seements. Thus the two frenuency functinns

s ~ ~ o~ ~ .
associated with the event (“1, Cgreeen Nyge Te Cqaprrees k) are;

o - ‘e n - eee O = f_. av 3.
Fall Taveees T 9 Tiare W o1 (say) (3.1
0 3] ~ . n o ~ R
and fl( 10 2ttt i1 J’i’ 4y ,{) f],i (sav) 3.
i=1, 2,060, &k

where (3.1) pives the frequency of the number of primarv segments relevant to
the auerv 9y and (3.2) gives the frequency of the number of units of subordinate

segments relevant to a;-

There can be links between primarv segments of two records and also links
between units of subordinate segments of two records thus frequency functicns

over joint events also have to be defined. They are as follows:

f(E?’ s+avy Q cray @ v q A)=f (=av
Q s i »raey s s ey .. RN
1 il 12 1{, k 01112...i:.
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U'sing the same type ¢f ~2t-thooretic calculativas as in section 2, the formula

for frequencv of segments pertinent in a bucket when the chaining technique is

used can be derived. It is given bv

. Uk Kk k kK
£.(B) =E £ - E ¢ + E E ¢ -
o a1, 0i.i,1 - 0123...k
=1 i 44 i #i.#1 1z
1= 174 1772773
k k k ks X
f. - +
*2 :tu ZZ flia E :2’:2: 11 +-1 1123...1
- 172 1'2%3
i=1 11#12 11¥i #i

(3.5

If L denotes the length of a primary segment and ry the length of a unit of
the subordinate segment, then the space occupied by the segments in a chaining

technigus excluding the link fields is given byv

" k
st = fS 00, 3D ZZZm

i=1 il#;z i #1 #1
R332
=1 g0, k‘
k k
IO SHWIL
13 11 1i i 11 i 1
i=] 11#‘L i #1 41
k+1
+-D fllZB-..kE : (3.6)

As in section 2, if the length of the link fields are assumed to be constant

and denoted by ¢ and the leagth of the terminating field bv 21, then the
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storage~space for the chaining technique in hierarchical files is given by

1 k
SH(C) = S(fH(B)) + E E Ofii + k(°1-9). (3.7

i=N i=]

4. RETRIEVAL TIME

The time needed to retrieve all the records pertinent to a guery when chaining
technique has been used can be calculated if the path of the search procedurc
is known. Suppose the records pertinent to the query qi(i=l,2,...,k) are
denoted by rij(j=1‘2""'fi)' The search path for q; starts with r and
then moves to Ty and then to rig and so on. The scarcih terminates with
Tig e For simplicity, it will ve assumed that the records (or segments of
records for hierarchical files) are of fixed length and the time needed to read
a record and tne link field associated with it will be denoted by T,
The access time from the record rij] to rij:' after reading the link ficld

associated with riil' will be denoted oy ‘(rij , rij’). Assuming that the
link fields can pe converted into access commands instantly, the time needed to

retrieve all records pertinent to the query q; is given by

£i-1

1(q;) = E HSSPTIR FEVEP IR SR PR PR S Y (.1
j=1

where L is the time nceded to reach the first record T
The retrieval time for each query can ve calculated from (4.1) and the total
or average retricval time for the set of Kk queries can be calculated trom
these components. In many practical situations, all queries are not usod
equally frequently, hence tne probability or relative frequency of usage of
queries have to be taken into consideration for calculating the averaze
retrieval time for a set of queries. If tie probability or the relative

frequency of usage of the queries are dencted by p!’P"""Pk' then the




average  vetrieval time is given by
k
T = E Pi tlq,) . (4.2)
i=1

In the specidl cuse, when all the queries are used equally frequently, then

| 5 e = P 1/k and hence
k
T = E T(q,) k-
i=1

In order to calculate T from (4.2) and (4.1), 1(

r.., r.. ‘s and 1
i3’ 1)»1) 7
must be known.

oi
In order to calculate these, the positions of the rlj's on
the 5torage aardware must pe known or some statistical estimates have to be
considered. 1 is a special case of T(riJ, rij+1) hence it is sufficient
to consider calculation of +t(r.., r.. .) only,
1j ij+1 :

it will be assumed that the records are stored consecutively on the storage
device and the chaining is in one direction,

i.e., the number of records
between Lo and r,;,» is greater than the number of records between
L and ri'+1' Thus the number of records lying between

r.. and r..
ij 1j+}

k
can vary between 0 and E f.1 - fi' It will also be assumed that the
1=1

records are stored on a magnetic disk storage wita u records per track.

Usually statistical estimates involve less unknown measurements
cxact expressions, hence a statistical estimate of
first.

than
T(Tij, rij+l) is considered
it will ve assumed that the probability of a record being stored on a

particular track is the same for all tracks and within a track the records are
uniformly distributed. These assumptions are almost equivalent to uniform
probability distribution of the records over the storage, except for the tracks
at the beginning and end.
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The number of tracks occcupied by all the records is E ti/€]+l where [ x|
1=1]

means the greatest integer contained in x. The first truck on which .

cail be stored is  [(3-1}/u] + tth track. Simitarly the last track on which

T, . can be stored is
ij+1
X X
z £ f1 -1 -1 - (E f; - E fl/LJ u)
i=] _ i=1 iz} 4.3
Y u
when

=0 (4.4

when the left side of (4.4) is negative, then the last track on which r.

1i+l
k
. . th . R .
can be stored 1is [ E fi/“] +1 track, i.¢., the last track. Let

1=1

zk: £ t (if [ifi/“

1 1 ) i -
Vi T 121 1 P (1.5
¥ u .

Under the assumptions already stated, the probability that the mugnetic head

of the disk storage has to travel x trachs to re:ch LSS from r.. s
i t]
(v. - x}
J where x = 0,1,2,...,+v.-1. [

() |




Let the seelh tunction of the magnetic disk stordage be denoted by o {x]) where

h
A 1% tiae number ot trackhs to be travelled and thx) is the time needed
measuresd in some surtable units.  There 15 no explicit functional form for

ix), though its value for every point has been determined by Monte Carle

n

methods.  Thus the oxpected seek time tor L from ro,o1s ogiven Y
V-l
{v.-x) )
_.-.nj_? -nlﬂ) (4.7)
x=( \/i

5

tnder the assumption that the records are uniform!y -distributed on a track and
that the beginning of a search on a track is a poiat « osen at random, the
scidrch time of a record on a track will be halr the rotational time ot the dishk.
Thus if the rotational time of the disk is denoted by o then the average

scarch time for a record on a trach is glven by

[ (4.3)

o] —
o]

Combining (4.7) and (4.8), a statistical cstimate of I(rij’ rij+1) can be
obtained, which will be denoted by f(rij, rij+1) and is given by

oyl

: . = _(iL-x) [ + -1_ 4

iy Tige) T LR (4.9
x=0 Y

-

Substituting (4.9) in (4.1) an estimate of r(qi) can be obtained and thus an

cstimate of T can be obtained from (4.2).

It is interesting to compare the retrieval time of an Inverted File Organization
witn {4.2). In an Inverted Filc all the records pertinent to a query, say ;-
are stored contiguously on a disk storage., Thus the retrieval time for all

1ecords pertinent to q;» under the assumptions already stated, is given by
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€. ) i £y I )
Tl(qi) = [—:-] {"n‘” + Tr} * 3 - [T]( Tt o (4.10)

If the probability of usage of the queries arc taken into consideration then
P ¥ g q

the average retricval time for Inverted File is rlven by

4
T, = 2 Pty (4 (4.11)
izl

Thus a measure of the additional retrieval time that has been paid as a price

for saving of storage space in ciaining technique over Inverted File is given

by
k
T-TI= E Pi {I(qi) -'-.[(qj)}

i=]
k fi—l £
. it o X
= z P.l E I(rij, rij+1) + f.ll]- {——] (‘rh(l) AR
1=1 _j=l
t fi
- —= -] = 1 12
N ; r (4.12)

A statistical estimate of (4.12) can be chtained by replacing z(ri4, LT
j 1i+l”
by its estimate given in (4.9).

Exact expression for «t(r,., r.,.
P ( ij’ 1)+1)
In order to calculate an exac¢t expression for r(rl., r.;+1) the exudt
. j i
storage locations of rij and r.U.+1 nave to be known. In 4 dish 2torage

device, which is a two dimensional storage (as tae magnetic acad can be
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switched instantly on any track on the same cylinder, the different tracks on
the same cylinder are not considered as an additional dimension) the storage
location of a record rij’ say S(rij)’ is determined by two parameters, namely,
the track number (Xij) and the angular position (uij) measured in radiants

from a fixed point on the track. Thus

S(rij) = (xij’ wij)' (4.13)

Thus the storage distance from the record T, to the record rij+1 is
given by ’

b(rij, rij+1) = (xij+l - xij' uij+l - wij) (4.14)
r(ri., rij+l) contains two components, the access (seek) time and the search

time on tihe track. The access time is giver by
rh(xij+l - xij)- (4.15)

For calculating the search time, two functions have to be introduced. Let

L}
“

{x} = the fractional part of x

T (ml, w,) = the time needed for the disk to rotate from the

“ angular position Wy to w,.

As the disk rotates 27 radians in time Tps hence the search time is

T (v X )
2m horij+l "i
T ?; fc 3 T é + wij’ gij+1 . (4.16)
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T (K5, 17X 54
2 h '12+l 1] N
g Ta) T Tyt oy T 1, £ T i “ij*

. . (4.17)

SUMMARY

It has been shown that the problem of file organization can be looked at as
a problem in time and space. Retrieval time and storage space are tie two
important factors. Both of these factors cannot be reduced simultancously.
ey move in opposite dircections. A file organization technique attempts to
balance these two factors. In this paper, these concepts have been brought to
light using 'chaining technique' of file organization. Mathematical formulae
for retrieval time and storage space need have been calculated. It nas ocen
shown that some of the formulas become simple when statistical assumptions
are made. Retrieval time and storage spacc required in chaining technique
have been compared witn that of Inverted File organization. One importuant
aspect which the author would lik: to emphasize is that it is difficult to
combine retrieval time and storage space requirement into one measure of
goodness, and this should not be attempted when comparing different file

organization techniques.
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ABSTRACT: This paper develops theories for constructing filing
schemes for formatted files with unequal-valued attributes when

the querv set contains all queries which specify two values from

two attributes. These filing schemes provide a set of buckets

for storing accession numbers of records. The retrieval! rule is
based on identifying a bucket from a query by solving alpebraic
equations over finite fields, The theories underlving these

filing schemes are based on properties of deleted finite geometries.
Expressions for retrieval time and storage redundancy are also
given.
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1. INTRODUITION

A large volume of data may be stored in many ways in the
storage area of a ctomputer. Usually, thesc arc stored in small
blocks called records. A record is an information bloch and
can have any structure, but we will discuss the case where this
block of information is represented by an n-vector, euach com-
ponent being a number providing information regarding one
of a set of i« attributes Al’ A, ..., A . These numbers are
called values of the attributes. Each record has a record-
identification and is denc .ed by i. Thus, if v, denotes the
value of the jth attribute of the ith record, then the structurc

of the record is
f(i) = (i; Vil Viar oo V.o

The collection of records is called a file. One of the
main purposes of storing records in a computer is the ability
to recall any subset of the file which meets certuin criteriu.
This criteria is also called a "query." A query may specify a
key, or a collection of keys, or a particular value of an
attribute or a collection of values of different attributes or
a combination of Keys and values of attributes. In general.
a query may be stated by the user in many different forms but
at the particular stage of retrieval process, when the query has

to interact with the file, it has similar structures to the oncs




described above. 1In this paper, we confine oursclves to

structures of queries which specifv a collection of values of

attributes. Thus, we may want to retricve all records for
which the attributes Ai , A, ..., A, have the values
v. . v . ..., v. (g <), whatever be the values of the other
1 ] !
.1 .: -g

- g attributes. We shall denote this query by

All records for which the attributes A. have the value
i .
v. for i =1, ¢, ..., g are said to satisfv the querv or

1.
1
pertain to the query.

Records within a file are organized according to a scheme
to reduce the time needed to retrieve pertinent records for a
given class of queries. The problem of file organization is
fairly simple when queries relate to only one attribute. A
summary of this type of work has bcen given by Buchholz (1963).
Prywes ot al., (1961) attempted to resolve the problem of
minimizing search time for multiple attrihute queries by group-
ing attributes into composite attributes and forming a trec

structurce, and Davis and Lin (1905} suggested the formation of

partition classes by considering posiible values of logical
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fields. Abraham, Ghosh and Ray-Chaudhuri (1968) used finitc
geometry to construct combinatc¢rial filing schemes for binary
attributes. Their method consisted of forming groups of records
in such a manner that the group containing records pertaining
to a given query could be determined algebraicaily, thus,
expediting the search. Ray-Chaudhuri (1968) discussed some
further combinatorial properties of file organization schemes
for binary valued attributes. Ghosh and Abraham (1968)
developed the theory for file organization schemes for multiple
valued attributes where attributes have an equal number of
possible values and the queries specify two values of two
attributes. This result was gencralized by Abraham, Bose and
Ghosh (1967) to the case where the queries specify t (-}
values of t attributes. In this paper, properties of t-inde-
pendent linear forms over a Galois field GF(s) were used for
constructing file organization schemes. In a subseaucit
preliminary report, Abraham, Bosc and Chosh (1967 showed that
by using some dependent linear forms along with independent
linear forms, filing schemes can be constructed when attributes
have unegual values which are some multiples of s, where s ix a
power of a prime number, In this paper it will he shown that
when the query set consists of all queries which specify two
values from two attributes, then it is possiblie to develop

combinatorial filing schemes if the attributes have uncoual

Iv-
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values. These results will be developed in two parts. In the

first part, deleted (or full) finite geometries will be used to
develop filing schemes when the number of values the artributes
can take are any multiples of s, In the second part, partially
deleted geometries will be used to construct filing schemes

when the attributes can take any number of values.

2. UNEQUAL VALUED FILING SCHEMES

In most computerized filing systems, the records are stored
in some relatively slow storage area. The starting address of
4 segment of the storage device, where the record is stored in
its entirety, is called the accession number of the record. A
set of comparatively faster memory or stcrage device (like the
cylinder of a random access disc package) is reserved for
storing the accession numbers. Let this set be denoted by §.
In this paper, file organization schemes are rules for storing
accession numbers of records in S, and retrieving the pertinent
accession numbers when a query is asked. These rules are

referred to as storage rulc and retrieval rule. In all filing

schemes which are in practice today, the retrieval rule consists
of matching operation, whereas in the filing schemes discussed
here, the retrieval rule can be algebraic computation only,

by proper choice of hardware. In order to achieve this property,

the storage rule is developed from structures of some finite
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geometries. The query set consists of queries which specify
two values of two attributes, thus, when @ 2, an accession
number of a rccord is stored in more than one location in S.
The redundant storage of accession numbers can be avoided by
using complex chaining techniques and, thus, increasing search
time. In the storage rule which is discussed in this paper, a
limited amount of chaining is used to reduce the redundant
storage of accession numbers but not increasc the search time too
muchk. Additional storage requirement and search time formulae for
filing schemes are discussed in detail in latter sections.

A collection of all queries which specify t values of
t different attributes are defined to be combinatorial query
sets of order t, and will be denoted by Qt

A Multiple-valued Filing Scheme with parameters
(t, N My, ey Mg, b) is defined to be an arrangement cf the
accession numbers of records with ¢ attributes, wvhere the
vector of the number of values these attributes can takce is

given by (nl, n . ni),in b groups (buckets), which are

2}
not necessarily mutually exclusive and which satisfy the
following properties:

(1) The accession numbers in a bucket is a subset of all

accession numbers (property of redundancy).

(2) Associated with each bucket is an algebraic identifier.

There is a correspondence between the algebraic identificer




of a bucket and the accession numbers in the bucket
{property of identifiabilitv).

{31 Corresponding to any query which specifies t (vt - 1) values
of t Jdifferent atiributes ther. exists a unique bucket
(property of uniqueness).

A multiple valued filing scheme corresponding to a
combinatorial query set of order t will he denoted by &WFSt
Ghosh and Abraham (1968) have constructed Balanced

Multiple-valued Filing Schemes of order 2. In those filing

schemes np=n; = ...,=n = s and, thus, it was possible to

have each bucket containing the accession numbers of an equal
number of queries. In MVFSt when the njfs are not equal, in
gencral, the buckets may not contain the accession numbers of
an equal number of gueries., In some of the cases discussed in
this paper, bNFSz will be balanced with respect to queries.

The problem of construction of M\‘FSt can be considered as
g4 problem in comhinatorial algebra which may be stated as

follows: given . sets of sizes n n, how can b groups

RCTREEREIE L
be formed such that any subset of t elements from t {of the &)
sets will be contained in one and only one group, and it should
be possible to determine that group algebraically from the
subsets. No satisfactory mathematical theories are known which

will provide a direct answer to this problem so an attempt has

been made to take finite geometries, which have svmmetric structures,

and delete some portions to provide an answer to this probiem.




3. DELEVED FINITE GEOMETRIES

An N dimensional finite buclidean geometry defined over

4 Galois Field GF(s) where s = pn and p is a prime integer

is denoted by LGIN, sj. Points in this geometry are denoted by
n-tuples of the form x = (xl, Xor e XN) where xi ¢ GF(s). A
t-dimensional flat in this geometry is defined by a set of
points which satisfy N-t independent linear equations with
woefficients in GF(s). There are sx points in this geometry,
and any t-dimensional flat contains st points. The number of

t-flats in EG(N, s) is equal to s:\-t 2(N-1, t-1, s) where

R NN VTR Char

t+]
s

1)

(N, t, 5) =

s"lnetn LLos-n

When some structures from a finite geometry are deleted,

then the resulting geometry is called a deleted geometry,

e.g. some lines of a EG(N, s) may be deleted. The remaining
lines and all the points of the geometry mav be used to construct
a filing scheme. This technique was used by Ghosh and Abraham
(19€8) to construct balanced multiple-valued filing schemes of
order 2. When some points of the geometry are deleted, then
irregular structures are obtained, i.e., all the t-flats of the
geometry do not have the same number of points. These tvpes

of deleted irregular geometries will be cailed partially deleted

geometries.




bxample 3.1
Consider a EG(Z, 5). There are 9 points in this geometrs
which may be represented (without 2 comma scparatioa between

the coordinates) as 00, 01, 02, iG, it, 12, 20, 21, 22. 7T.e

12 lines of the geometry with their algebraic cquations are:

kyuation Points
xl =0 v, 01, o2
xl = 1 o, 11, 12
x] = 2 20, 21, 22
Xy =0 oo, 10, 20
Xy = 1 o1, 11, 2!
xz = 2 02, 12, 22
X Xy = 0 00, 12, 21
xl+x2 = 1 01, 10, 22
x1+x2 =2 02, 20, 11
xl+2x2 = 0 00, 11, 22
xl+2x2 =1 10, 21, 02
X +2x2 = 2 20, 12, 01

1f the points 00, 12, and 21 are deleted from this
geometry, then we get a partially deleted geometry whose

lines are:
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x, =0 : 01, 02 X, =0 : 10, 20

1 2
X, = 1 e, 1 X, = 1 01, 11
x, =2 20, 22 X, = 2 20, 22
xl+x2 =1 : 01, 1o, 22 xl*Zx2 =0 : 11, 22
x1+x2 = 2 02, 20, 11 x1+2x2 = ] 10, 02
x1+2x2 = 2 20, 0l

This partially deleted geometry contains 9 points and 11 lines.
9 of the lines contain 2 points cach, and 2 lines contain 3
points each.

If only the 3 lines: X, = 0, X, = 1 and Xy = 2 are deleted
frem £G(2, 3), then the resulting geometry is a deleted ge metry
with 9 lines and each of the lines contains 3 points.

A spread in a finite geometry is a collection of disjoint
flarts whose union covers the geometry. In the example 3.1, the 3
lines xl+x2 = 0, x1+x2 =1, and x14x: = 2 form a spread. Fach
of these three lines are called an element of the spread.

4. MULTIPLE VALUED FILING SCHEMES AND DELETED GEOMETRIES

Consider an EG(N, s) and a point in this geometry denoted
by (xl, Xys cons XN) where x, ¢ GF{s). An N-1 dimensional flat
in this geometry is defined by the set of sh-1 points which

satisfy the following equation a a,., X, * +

11 % T g Xt e 2

are elements of GF(s). If ali's are

XN=C

where the ali's and

1
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hept fixed and ¢, is given the s different values of GFis),

1
then we get s (N-1j)-flats which form a spread. Suppose these

. N-1
s IN-1V-flats are i1dentified with s attributos am! the s

points on each of the clements of the spread are identified

. N-1 . .
with s values which the attributes cun take. thus, a 1-1
correspondence between a formatted file with s attributes where

. N- . oy . .
cach attribute can take s . values s estanlished. The file

S(8-1)

can have s distinct records and each record 1s identified

with an s-tuple of points in the geometry. There are

N-1 N-1
S 5

. hY . .
dIN-1, 0, s) = (s -1)/(s-1) lines in the geometry and

each eclement of the spread a TaALX,

1151 YT 9
fe, - Gh(s)) contains R J(N=2, 0, sy = SN-'(sx'IA J(s-1)

lines. If all the lines which lie completely on the elements
of the spread are deleted then we will zet a deleted geometry

1 N-1, N 2(N-1)

. N1, N -1 .
with s (s"-1)/(s-1) - s (s -1)/(s-1) = s lines.

The buckets of the filing scheme will be identified with the
2(N-1) . - . . e
3 lincs of the deleted geometry. Each line in EG(N, s)

iz represented by a system of N-1 linearly indcpendent equations.
Thus, the matrix of the coefficient of the cquations, which have
order (N-1) x (N+1) may be used as a bucket identification. The
storage rule for the record £(i) = (i; Vipr Viar s Vis) 18
defined as follows: the accession number of the record f(i) is

stored in all buckets which have at least two points which are

common with the s-tuple point-representation of f(i). Inside

Wai2




the bucket the accession numbers are subdivided into s(s-1)/2
sub-buckets corresponding to the s(s-1)/2 pairs of points of

the bucket. An accession number of a record may be entitled

to be stored in more than one sub-bucket within a bucket but in
order to reduce redundant storage, an accession number will be
stored only in one sub-bucket within a bucket and properly chained
(chaining technique) with the other relevant sub-buckets within
the bucket. Chaining betwzen buckets is avoided to reduce compli-
cations. The same rule is applied to store the accession numbers

of all fhe records in the file.

Example 4.1

Consider a EG(3, 3) and a spread of planes in this
geometry. Suppose the spread is represented by the equations

x, =0, x

1 = 1, and x, = 2. We use this geometrv and this

1 1

spread to construct a filing scheme for a file with 3
attributes, where each attribute can take 9 vaiues. The

3 attributes AO‘ A], and Az will correspond to the 3 elements
of the spread and the values that these attributes can take
will correspond to the poipts on the spread. Let Vii be the
i™ value of the i'™" attribute (i =0, 1 ..., 8, i =0, 1, 2,
and the correspondence between the values and the points are
as follows: the point (i1jk) will correspond to the value

V;m where m = 3j+k. The buckets will correspond to the 81

lines of the geometry which do not lie completely in anv one
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of the three pilanes x. = 0 or x, = 1 or x, = 2. >uppose i

i l 1
N P o~ 3 o . 1 ' . [ o
record is composed of the values v 03 v n and v aqr LR
f(iy = (1; v'03, V‘IO‘ v'24)' Then the point-representation

of this record is (i) = (i; 010, 100, 211j. According to

the storing rules, the accession number of this record is stored

in three buckets corresponding to the three lines: Xo o= 0,
X, * = 1; =1, +X, = 1 an 2x, =1, X, +x, = 1.
tl xz 1 xz 1 xl 3 and xl# \2 1 xl' Sty

lhese three buckets mav be identified by their matrix of
coefticients as
0010 0101 1201
, and
1101 1011 1111

oo1o
1101

record f(i) will be stored in the sub-bucket corresponding to

within the bucket with label ( ) the accession number of the
the pair 010, 100. This sub-bucket mav be given a sub-bucket
label 010100 (cbtained by concatenating the ordered pair).

The storage rule defined above, will provide a filing
scheme which answers all queries of a combinatorial query set

of order 2, i.e., Q, or

The retrieval rule for any query belonging to 0, will con-

sist of five steps:

V.14




(i) The specified values of the attributes will be converted
into their point-representation,

‘tiy The equation of the line containing the particular pair
of points is determined by solving N-dimensional algebraice
equations over Gh(s).

(iil) The bucket corresponding to the line is reached by
approrriate command to the storage unit,

fiv) The appropriate sub-bucket is rcached by matching thc
sub-bucket labels with the query within the bucket.

(vl The accession numbers are retrieved from the sub-bucket
and the corresponding records are retrieved from the
storage.

In a EG(N, s) through any two points therc passes only one
line, thus, step (i1) of the retrieval rule will always provide
a unique bucket, and hence, the property of uniqueness of MUES
will be satisfied. In the preceding discussions, it has also
been established that the above filing scheme satisfies the
property of redundancy and identifiability. Thus, we have the
following theorem:

There ecxists a MVES, with parameters t = 2, » = &, n, = n

1 -
N-1 S.;(.\'-l)

= ,..,=n =8§ and b = , where s is the power of a

prime number.

Let the elements of GF(s) be denoted by

0 1ttt tely”

Consider a EGIN, s} and choose an {N-1} dimensional spread in

IV-15




X, ¢, where the

1it. lLet 1t be denoted by a L AR T N

X
111
ulvls are fixed und ¢y varics over all the s clements of
GFEisg.

Consider s s elements of this spread which are repre-

=
sented by
allxl*alzxzo Cae +alxxN = 3,
allxl+allx2* - ’alNAN = Jl
(4.1)
At e AN T %

1
. - . . X-1
and associate with them S attributes with s values each.
-1 . : . :
The s points on each of these (N-1) dimensional flats
represents the values of the attributes,
Consider another 549 where $1*Sy s,elements of the (N-1)
dimensional spread and partition each (N-1)-flat into (N-2)

dimensional spreads. These may be represented as follows:

AP Xty e PAENEy T

1171 $y*J

31%1%322%2% -+ TANEN

it
(]
L]

where the ai,‘s are fixed and <, varies over all the s elements

of GF{s) and j varies over ] to S5-
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In (4.2) the collection of s (N-2)-flats for a fixed value
of j is a (N-2) dimensional spread of a (N-1)-dimensional flat.
Associate with these $,S {N-2) flars, 58 attributes with
N2 v.iues each. The values of the attributes are associated
w' .h the points of the (N-2) -flats. This technique can be
repeated (N-1) times and, thus, establishing an association

between a EG(N, s) and a file with the following type of

structure:

. N~
L attributes have s 1 values each

. N-
S.5 attributes have s 2 values each

2
2 . N-3
535 attributes have s values each
(4.3)
N-2 .
SN-IS attributes have s values each
where s]+sz» N ’sN-l =5
. L. i . . N-i-
In this association, the si~151 attributes with s i-1 values
each will be associated with the following (N-i-1)-flats
RS S R P Lor MR S P %3
By X *A5X* Ll Xy E Oy
(4.1)
a2 o BN T S
where a, 's are fixed, j1 varies between Syt e tx v
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and S1Y e SO and ¢, Cgaevny € ) vary over all elements

of GF(s).

A deleted geometry will be constructed from EG{N, s) by
deleting all lines which lie completely on every flat which is
associated with an attribute, i.e., all the 5155-2 ¢(N-2, 0, s)
lines which lie completely on the ) (N-1)-flats given in (4.1)

N-2

will be deleted; the 525' +(N-3, 0, s) lines which lie

cempletely on the $,S {N-2)-flats defined in (4.2) will be

deleted and so on. Thus,

515'\-2 S(N-2,0,5) ~ szs‘\-z 6(N-3,0,5) + s.ss"'2 +(N-4,0,5) +

N-
V-’S 2 $(1,0,5) + s

N-1

lines will be deleted from EG(N, s). This deleted geometry will

have

-2 )
3 {s +{N-1,0,s) - 51 $(N-2,0,8) - ... - SN-2 $(1,0,s) - SN-I)

lines. Fach of these lines will correspond to a bucket in the
filing scheme. The storage rule and the retrieval rule for the
accession numbers of the records will be the same as for the

. . N-1
MES ; = 2 [ = = = .., = =
,ﬂlbz with parameters t 2, ¢ s, n1 n, nS $ ,

_ L2(N-1) ‘e .
b= s . If a query specifies two values of two attributes,

then the line passing through the point-representation of the

query is contained in the deleted geometry described above. If

[V-18
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the query represents two values of the same attribute, then the
line passing through the point-representaticn of query is not
contained in the deleted geometry and, hence, there will be no

bucket corresponding to that query. Thus, we have the following

theorem:

Theorem 4.2

There exists a MVFS, with parameters t = 2, . = sl+s,s+sss“

N-2 . B -
., +SN‘IS where S, 0 for all i and 51~52 TR NI s,
5 being the power of a prime number,
) ~ _ _N-1
n =n, = =n, =5
1
_ N _ _ N-2
nbl+1 N nsl*Z b 514558 s
Mg V% T =np=Es
“N-1
N-2 .
and b = s {s #(N-1,0,s5) - ) #(N-2,0,8) - ... - s\,_2 2(1,0,s)
- 1.
Sno!

ExamEle 4.2
Consider a file which has two attributes with 9 values each
and three attributes with 3 values each. The attributes are
. .th - .th
denoted by AO’ Al’ A,, Ag and A4. The j values of the i

Iv-19
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attribute is represented by v;j (v = U}, ..., B for1 = 0,1,
and : = 0,1,2 for 1 = 2,3,4). lor constructing u MVIS, for this

file, consider a EG(3,3). lhe three planes X ¢ o, xl = 1,

and x; = 2 form a spread in EG{3,31. Associate the 9 points
of x, = U with the 9 values of AO and the 8 noints of X, ® 1
with the 9 values of A , 1.¢., v = (U3hy, v' = 111k where

1 Om ’ I .
m= 3i+k; 1,k = 0,1,2. The three lines X, = 2, X, = U; X, ® 2,
X, = 1; and X, = 2, x, = 2 form a spread on the plane X, = 2.

Associate these three lines with the three attributes AZ’ AS and

A and the points on the lines with the values of the attributes

in the following manner:

Y
-

vi. = (203, vl = (211, v = (22j), 1 =0,1,

’
2i 3) 4]

-~

EGr3,3) contains 117 lines from which the following 27 lines

are deleted:

xl = 0, x2 = 0; xl = 0, xz = 1 xl =0, xz = 2

x] = 0, x3 = 0; xl =0, x3 = 1; xl = 0, x3 = 2

X, - o, Xprxg = 0; X, = o, Xy*Xq = 1; X, = 0, xz#x3 = 2

Xy = 0, x2¢2x3 = 0, x1 = 0, x2+2x3 = 1; xl = 0, x?:+2x3 = 2
xl = 1, x2 = 0; xl = 1, x2 = 1; xl = 1, x2 = 2

xl = 1, x3 = 0; xl = 1, x3 = 1; x1 =1, x3 = 2

xl = 1, xz*x3 = 0; Xy = 1, Xy*Xg = 1; X, = 1, xz*x3 = 2

X, = 1, x2¢2x3 = 0; X, = 1, x2¢2x3 = 1; X) = 1, x_*2x3 = 2

Iv-20



Thus, a deleted EG(3,3) with 90 lines is obtained. The buckets
will correspond to these 90 lines. 1f the accession numbers of
the records arc stored in thes¢ 90 buckets tollowing the samc
storage rule as in example 4.1, then we will get a SﬂTSZ with

parameters t = 2, . = 5, n, =0, = 9, n, = ng = Ng = 3 and

b = 90,

5. REDUNDANCY OF MULTIPLE VALUED FILING SCHEMES
In the filing scheres discussed in the previous section, an
accession number of a record is stored in more than onc bhucket,
and this will give rise to redundant storage. The average number
of times the accession numbers are stored in the filing scheme is
called the redundancy of the filing scheme. The redundancy of
a filing scheme will depend on the following properties:
(i) The frequency distribution of the different tvpes of
records in the file;
(ii) The patterns of values of the attributes in the different
buckets;
(iii) The number of different values the different attributes
can take;

(iv) The types of queries in the query set.
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In deriving the algebraic expressions for the redundancy,
it is assumed that the query set is of the type Q and the
&~
tfrequency distribution of the different types of records in the

file is uniform. Thus, thre number of records in the file is
L

some multiple of & n,. As we dre calculating the redundancy,
i=1

it is sufficient to assume that the total number of records is

. n,. Suppose jth bucket in the filing scheme has the follow-
1=1
ing type of structure:

Let us denote by Si the set of attributes which are repre-

sented in the jth bucket, i.c.,

S. = {A, , A, , ..., A} (5.1)

Si-Ai will denote the set of attributes of Si from which Ai has

been delcted. Then under the assumption of uniform distribution

of records, it is easy to see that the number of accession

numbers which will not be stored in the jth bucket is given by:

T, -1 noo+ I n, - Q U . -1
Lot }; T i L= 1 . oy A Jiy
i*S. i ieS. jieS. ie$S. i'eS. -A. i

J J A J J 1

where §i is the complement of the set S,
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ey e

LT P S T W P B o oo -1
ir§ s, Y 165, i'e8. A dgo
) J j i
R U T R YA 6.2,
S its, 4 icS, i .
J J ] 1 )

» the total number of accession numbers in the jth

Thus
bucket is
L‘. Moo dL g Iy -0 ‘. %n -1}
i1 S Yies. 3 ies /4 Ty
j i LS T
) fnj -1
- ’ 1 | s 1 .
= on I - ; ; / 1+ . // ~
RN s\ N g i, (nji ) (5.3)

The total number of records in the filing scheme is

-

0 b — ,'nji_l : oy :
’ n. | S R \
doo N L LT /(n. -1
i=1 j=1 JESj S P i IESj 3 i

Thus, the redundancy of the filing scheme is given by:

{5.4)
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2iN-1 . .. . .
s ! . It a tile has unitorm dis-

W,osn, = ...=n =8 T h =

tribution of records, then the number of accession numbers is

SiN- . . - . =
o l). Here h] = :Al, AL, .., A% for all i and S, 0= the empty
set.  Thus, from (5.3}, the redundancy s given by

<

] s {a.D0¢

In the tiliag scheme discussed in example 4.1, N = 3 und

s = 5, thus, the redundancy c¢f that filing scheme 15 2,778,
-

Ltonsider the MVES| with parameters . = sl+s,s+535”o

N-2 . - . .
sx 8 and the attributes divided into N-1 groups
G.. ;) where the 1™ sroup . contains s s}
P . > ). IR B
1’2 TS Ll group by ' i
. . N- .
attributes each having s ! values, 1 = 1,2, ..., N-1. It hax
. N-2, .
heen shown in theorem 4.2, that b = s “{s (N-1,0,s)

(1,0,s) When the records

) SN_z 3 - SN‘I}.

are uniformly distributed then the total number of different

vkl
) sis1 (X-1)
tvpes of records is 51=1 . Here
3. 0= | ! ! 5 5 s f 3
sj 1&1, AZ’ R \Sl, S, A1 s from (2, $g A’ s from (3,
, . 3 .
s Sy Ayl from GN-I} for all j.




a . 2 . .
= {g - ! -1; AT f +
Sj .52(5 1) Ai s from 62, 53(5 1} \i s from (3,

sy (shR A's from G,

N-1 1’

Substituting in (5.4) the redundancy of this MVFS, is given

by
. N-1 - N-1 ) =i
R = s’\-2 {s 2(N-1,0,8) - > s, 4(N-i-1,0,58)} (l- o N_fl
izp [ i=1\ ¢
- ~ -
N;l s (5.6)
» ] +
L TN
R T SRR I
In the filing scheme discussed in example 4.2, N = 3, 5 =
i o= - = = = = s = 2 = =
4 5, n1 n2 9, Ny n, n5 3, 1 2, 5, 1, b 90.

The number of different types of records in that file under
uniform distribution is 2187. The redundancy of that filing

scheme is 7.037.

6. RETRIEVAL TIML

In the filing schemes discussed, the retrieval time is
composed of two components:
(i) Retrieval of the accession numbers of the relevant

documents;

ii) Retrieval of the records when accession numbers are given.
g




The time nceded for these two components is denoted by N

and l:. Tl and 'I‘.3 depend on the structure of the file, the
lengths of the records, the filing scheme, the hordware system
and what operation of the retrieval procedure 1= carried out by
which component ot the computer system., It will be assumed that
the main file of recerds are stored in a random access disc pack
and also another disc pack is available for construction of
the filing scheme.

The attributes and the values which they can assume have
a representation in the computer. The first step ir the
retrieval procedure consists of converting the avery representa-
tion to its point representation. This may be ac 1eved by a

simple table lookh-up. Let

t, = time needed for converting a query to its point

representation.

The points are used to determine the algebraic equation and,
hence, the bucket label pertinent to the query. This operation

is carried out in the central processing unit. Let

t, = time needed to solve the algebraic equations to

determine the bucket label.

[t is easy to see that the coefficients of the algebraic equa-

tions (properly concatenated) of all the lines of a finite
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geometry form sets of linearly ordered consecutive clerents.

In FNFSZ, although all the lines of the finite geometry du not
correspond to buckets, the coefficients of the algebraic equa-
tions of the lines, which correspond to htuckets, can be made to
correspond to a set of linearly ordered consecutive elcoments
because the deleted lines have a systematic pattern. ‘hus,

the buckets can be made to correspond with consecutive trachs
on a disc. Different practical situations may necessitate
corresponding one bucket to more than one track, or fraction

of a track, but all these can be taken care of by simple mathe-
matical transformation. Thus, in the retrieval procedure, the
computer, after solving athe algebraic equation, can give a
direct command to the magnetic head of the disc for the cxact

track location of the bucket. Let

t3 = time needed for locating the bucket to seel time

of *he disc pack.

In the hﬂFSz discussed in section 4, cach bucket contains
s{s-1)/2 sub-buckets. The sub-buckets will correspond to small
segments on a track with sub-bucket labels. Thus, the computer
can give a direct command to the magnetic head to search a
particular sub-bucket and retrieve all the accession numbers in

it. Let

t4 = time needed to locate a sub-buchet and retricve the
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accession numbers of pertinent query scarch time

on & track.

At times, sub-buckets may be chaitned. 1In such situations,
the chaining links can be piched up by the magnetic head,
ordered, and the retrieval procedure completed in another rota-

tion of the disc. Let
t. = time needed for tracking chaining, if required.

Thus, I, = ¢tﬁ¢t3¢t +t (6.1)

1 1 4 75

T, will depend upon the number of records pertinent to a
query which will depend on the distribution of the records in
the file, If the distribution of the records is uniform and
the distribution of usage of queries is uniform, then an express-

ion tor the upper bound of average T, may be obtained as follows:

2

lLet

the average seek time on a disc.

"

the average search time on a disc.

§. . = iset of all the . attributes except A. and A, }.

“

T i (6.2)

[
-
4+




wherce the double summation is over alj sis-1)/2 values

of j} and j, from 1 to <, where e

e
-

As more than one pertinent record may be on the samc trach,

hence

Average T, = (T+-) Hq' (6.3)

Thus, the average retrieval time for a guery under all the

stated assumptions is

T1 + Average TZ'
7. MULTIPLE VALUED FILING SCHENES AND PARTIALLY DELETED GEOUE IRy

Consider an EG(N, s) and the spread a,x *ALXaTL L tA K, T U

171 hY

where a; & CGF(s) and are fixed and ¢ varies over all elements

of GF(s). Let nps My, «.., N, be a set of positive integers
X

with £ ¢ s, and max {ni} < s h

Consider the element a.,x, + 2,x, + ... + a,

i SRR Ny Tyt L

.s-1, a0t GF(s))of the spread and delete from it SA-I"ni+l
points. Then delete all lines which lie completelyv on any onc
of the elements of the spread. Some lines which do not lie

completely on an element of the spread may be deleted becausce
some of the points have been deleted, and at least two puints

are needed to define a line. There are some lines in this

geometry which may have less than s points. This partially
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deleted geometry has Lo points. The number of lines in

=1
this geometry dependslon the ni's and also on the actual points
which are retained, i.¢., for a fixed set of Dl'S the number
of lines may vary depending on the choice of the points which
are not deleted. Such properties of partially deleted geometries
are not very well known and no attempt will be made in this paper
to develop such theories; but some interesting results which
have been obtained by simulating on the computer will be stated
later.

- . . . . .th .
Consider a file with s attributes and the i attribute

has ns (n.l -0, i=1,2,...,s) distinct values. Associate

the ith attribute, A,, with the element a X +a,X,...+3,X, = =1,
i 2 NN 1-1

171 72
of the spread in the partially deleted geometry. The n, points
on this element are associated with the n, values of the attri-
bute Ai' The lines of this partially deleted geometry are
associated with the buckets of the filing scheme. The storing
rule for the accession numbers of the records in the buckets is
ihe same as before. The sub-bucket may be constructed in a
similar manner as before. The exact number of buckets in the

. . . 2(N-1)
filing scheme cannot be stated. [t is obvious that b < s
and it is difficult to state a lower bound for b. Given a set
of "1'5’ there are some practical situations in which the

minimum number of buckets are preferred, whereas in some other

situations, maximum number of buckets are preferred. Some
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simulations were performed on the computer and same 1nteresting
numerical results were ohtained which are given in the follow-

ing example.

Example 7.1

Consider an EG(3,5). This geometry has 125 points, 775
lines and 155 planes. The planes can be divided into 3! groups
of 5 each, where ecach ETOUp represcnts a spread of the geometry.
A partially deleted geometry is constructed by deleting the
following 38 points: 000, 002, 004, 010, C12, 014, 021, o022,
023, 030, 034, 100, 102, 104, 110, 11, 113, 120, 122, 124,
142, 231, 223, 300, 304, 323, 340, 344, 312, 321, 423, 424,
430, 432, 434, 441, 442, 443. This partially deleted geometry

has 150 lines with 2 points each, 253 lines with 3 points each,

oy e e

222 lines with 4 points each and 150 lines with 5 points each,

i.e., deletion of the 38 points has not deleted any line
completely. This has been possible because of the particular
manner in which the 38 points were chosen. Consider the spread
=1, x, = 2, Xy = 2% and Xy = 4, These planes now
have 15, 15, 23, 20 and 15 points on them. These 5 planes are
now identified with a file with § attributes, 3 of which have
15 values each, 1 has 20 values and the other has 23 values.

There are 150 lines which lie on these 5 planes. They are

deleted from the partially deleted geometry and the remaining




624 lines uare identificd with the buchets of a filing scheme.
\mony these 023 lines, there are L0 Dipes with 0 pornts on
cach, 217 lines with 3 points on cach, i8¢ lines with 1 ruints
on each and 112 lines with 5 points on vach. Thus, in tae
tiling scheme, there are 110 buchkets with 1 sub-bucket an vuach,
217 buckets witn 3 sub-buckets in cach, i86 huchets with 6 sub-
buckers in cach and 112 buckets with i¢ sub-buckets in each.
This partially deleted geometry can be used to construct
filiny schemes {or another 20 different types of files by
associating them with different spreads. In these files, the
difterent number of values that the attributes can take, Lo
Ays N n,. ns). are: (14, 15, l6, 18, 25,
(i, 1= 17, 18, 24y, (14, 106, 18, lu, 21y, (14, 17, 18, 18, 21
(s, 15, 17, 19, 22y, {15, 16, le, 17, 24). (15, lo, 1&, 1v
(15, 16, 17, 18, 22), (15, {7, 17, 18, 21}, (15, 17, 18, 19, 19}
, Lo, 18, 221, (16, lo, 17, 18, 21]
"lo, le, 17, 19, 261, (lo, le, 1°. 18, 20, (16, 16, 18, 19, 19,
Plo, P20 0T, L8, 203, (1o, 17, 1%, 19, 19y, (1o, 17, 18, 18, 1)
and (17, 17, 18, 18

Thus, the following theorem s established.

Theorem 7.1

There exists a AWFSZ with parameters t = 2, « = 5, nl, n,,..
4

2N-11
., n , where ni >0 for i =1, 2, .., and b - s { l]_

v
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Consider a file which has the following type of structure:

.. attributes with values between SN-I and s s+l

1
iZ attributes with values between sN'Z and SN—3¢1 (7.1)

;3 attributes with values between s]\"3 and s +1

"1 attributes with values between s and 0

X ; satisfy the following conditions:

where . 20ttt Rl

l’

(i) Li's are non-negative integers:

- -

r |
B )
l J 3 ANol
+ - + .. * T :‘;S.

'u

(i) -+

1]

L

For simplicity, it will be assumed that M. Nyseeen N

N-1 N-2 .
.~en s and s +1l, n. , N, s «+., N . lie
RS | L,+2 L.+
1 1 1 2
between s° 2 and s&-3‘1' U | x§21‘¢1 , «... N_ lie between
- Y .
i=1

s and 0, where i is the total number of attributes.
Consider a EG(N, s) and a (N-1) dimensional spread in it.

Choose .. elements of this spread and let them be represented

1
by

an At AN T

3%t e% tanXy Ty .-
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17.2)

Consider the (N-1) dimensional tlat allxl+al?’x”

P N-1 . .
+. and delete from it s -n, points and associate

NN T o 1

the remaining points with the n, values of Al. Similarly,

\-1 . _
delete s -n, points from A1 1% 0% e ta K T o and

-

associate the remaining points with A, and so on up to A
-~ l.l

Let ['i/gi-1] = S;- Choose another set of s, elements
of the spread and partition ecach element into (N-2) dimensional

spreads. These s.s - <y elements may be represented as:
-

bl B A B
(7.3)
A%y T A%t M 1N T

where a 's are fixed and c., varies over all elements of GF(s).

Choose . clements out of {7.3) and delete all the points which

lie on the remaining s,s - <5 (N-2) dimensional flats of (7.3).
Take one of these remaining elements of (7.3) and delete from

it's -0 points and assocjate the remaining n points

s

iy+1
1 A

. . N-2
with the nzx‘l values of Amlol' Similarly, delete s - n£l+2

points from another element of (7.3) and associate the remain-

ing n_ .2 points with the Ny o2 values of AF +2 and so on for
"1 1 1
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the attributes AL1+3, o, AL e " This process is continued
until all the . attributes have been associated with different
dimensional flats of the geometry. In this process of associa-
tion, a partially deleted geometry with n = ‘i n. points is
obtained, Frem this partially deleted geomci;; all lines which
lie completely on any flat, which is associated with an attribute,
is deleted. Let us denote the partially deleted geometry by
PDG(N, s, sN-n). The exact number of lines in PDG(N, s, sx—n)
will depend on the sN-n points which have been deleted. As
this deletion can be done in many ways, the number of lines will
vary, but will be less than the expression given in equation (4.5).
1f the lines of this PDG(N, s, sN-n) are associated with
the buckets of a filing scheme and if the storing rule for the
accession numbers of the records are the same as before, then
the filing schene will correspond to a DWFSZ for a file whose

strocture is given by (7.1). Thus, the following theorem is

established.

Theorem 7.2

There exists a anmsz with parameters t = 2, { = L1+37...

""iN—l where ii » 0 and ii attributes have valucs between

N-i (el

s ' and sh ! 1+1, Ny» Nye wves M, where n >0 fori=1, 2,....
N.

and h ~ s 2 {s ¢#(N-1,0,s) - 5 ${N-2,0,s8) -

- s, . ¢(1,0,8) - s
nop ¢(1,0,8)

I where s, [¥i/.i-1} and s ix a power

N-1




of a prime integer.
In mest practical situations the stucture of a file 1s not

stated as i1n [7.1) but usually in the following form:

1 attributes with vy values

attributes with v, values

ty

o attributes with Vo values

where ii's and Vi'S are non-negative integers. The problem
is then to find a pair of s and N, and apply theorem 7.2. For
simplicity, it is assumed that LT PO 2. Then

s and N are chosen with the following properties:

(i) s is a power of a prime integer.

(ii) Therc exist m pairs of integers (El, N). (52, Nz), (53, NSY,

(2

. (Sm, Nm) which satisfy the following conditions:
s, SN is the smallest integer which exceeds v,

8,8 T v, and 57 M2 s the smallest integer which exceeds v,

3 N-N3 | . : .
S48 » %, and s N3 is the smallest integer which exceeds Vs

N-Np,

S5 Ay and s is the smallest integer which exceeds Vo

and 21 *s, 53 e ts =S
and Ni <« N fori=2,3, ..., nm.

IvV-36




Having chosen N and s as satisfving the above conditions,
it is easy to see that theorem 7.2 can be applied to construct
the MVES, for the file structure given in (7.4).

8. ACKNOWLEDGEMENT

The author would like to thank Drs. C. P. Wang and

F. P. Palermo of the IBM Research Laboratory for valuable

discussions during this work.

9. RLFERENCES
1. Abraham, C. T., Ghosh, S. P. and Ray-Chaudhuri, D. k.,

(1968) “Filing Schemes Based on Finite Geometries,"

Information and Control Vol. 12, No. 2, pp. 143-153.

2. Abraham, C. T. Bosc, R. C. and Ghosh, S. P. (1967), "lile
Organization of Records for Multiple Valued Attributes for
Multivariate Queries," IBM Research Report No. 1886,

3. Abraham, C. T., Bose, R. C. and Ghosh, S. P. (1067), “File
Organization of Records with Unequal Valued Attributes for
Multi-attribute Queries,' preliminary report to Air Force
Contract No. AF 30(602)-4088, May, 1967,

4, Bose, R. C. (1947), "Mathematical Theory of Symmetrical
Factorial Designs," Sankhya, Vol B, pp. 107-lob.

5., Buchholz, W, (1963), "File Organization and Addressing,"

IBM Systems Journal Vol. 2, pp. 86-111.




(48

~d

10.

11.

Carmichael, R, D. (1937}, "Introduction to the Theory of
Groups of Finite Order,” Ginn and Co., Boston, Mass.

Davis, D. R. and Lin, A. D. (1965), "Secondary Key Retrieval
Using an IBM 7090-1301 System,” Communications of the ACM
Vel 8, pp. 243-246.

Demuth, H. B. (1956), "A Report on Electronic Data Sorting,”
Stanford Research Institute.

Ghosh, S. P. and Abraham, . T. (1968), "Application of
Finite Geometry in File Organization for Records with

Multiple-valued Attributes,' IB!M Journal of Researcii and

Development Vol. 12, No., 2, pp. 180-187.

Ghosh, 5. I'. (1968), "On the Problem of Querv-oriented
I'iling Schemes Using Discrete Mathcmatics,” Proceedings of
the IFIP Congress ‘68, Edinburgh, Scotland, pp. F74-79.
Rav-Chaudhuri, D. K. (1968), "Combinatorial Information

Retrieval Systems for Files," SIAM Journal on Applied Math

tol. 16, No. 5, pp. 973-992,

—
<
0
L
¢+




e

SECTION v

CALIBRATION OF THE FILE ORGANIZATION EVALUATION MODEL {(FOREM 1)

H. Ling
Vo Y. tum
M. LK. Senko
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ABSTRACT: This section presents the results of the model runs versus actual
computer runs to illustrate the kind of accuracy attainable with the model's
equation evaluation approach. The average error for the most complex access
method tested (ISAM) under the conditions selected is well under ten percent,
Generally speaking, the difference hetween the actual file layout and that of
the model accounts for many of the errors.

For the file designer who dots not have the resources to run the full FOREM 1
model, but who wishes to make a quantitative evaluation of a small number ot
primary key access method designs, we have provided printouts of the relevant
FORTRAN subroutines.




FOREM 1 (FSSM) CALIBRATION

One of the major considerations with any model is its accuracy. This is a
particularly crucial consideration in the case of FOREM 1 which uses equations
with complex assumptions to evaluate the elapsed time for the primaiy key access

methods.

In calibrating and testing FOREM 1, we have selected the most complex access
method available - the IBM Indexed Sequential Access Method (ISAM)- to determine
whether accurate equations can be written. The measured results were obtained
by John Barlow of SDD using a 360/Mod 50. Different processors will affect the
results in some cases. As the tables included in this chapter indicate, the
equation evaluation method can be quite accurate; the average error for all
experiments is 8.3%. In some experiments, the actual file lavout for the over-
flow area deviated from random; in these cases (which bear asterisks) the runs
are shorter than they should be. Removing these cases results in an average

deviation of 6.7%.

The results are extremely important for the area of file design because they

prove that accurate equations can indeed be written for complex access methods,
This means that another avenue of estimating gross performance is open to the

file designer. Even if he does not have a compucerized model available, he can
still hand-calculate timings for typical queries by inserting his parameters into
the model equations. In order toc make such calculations possible, we have included

in this section printouts of the FOREM I FORTRAN access method subroutines.

TEST ENVIRONMENT

CPU - 360/Mod 50
1/0 Device - 2314
Access Method - 1SAM, master index in core, other indexes and overflow records

on same volume as prime records.
File Size - 100,000 records
Record Size -~ 200 bytes, including 8 bytes key.

V3




Blocking - Full track in prime avea, unblocked in overflow area. (30 records/
prime track, 20 records/overflow track.)
Records Processed - 5000

CPU Processing Time - ©

NOTATIONS USED IN TABLLS

Loading - «creation of file.

SR - sequential retrieval.

S8R - skip sequential retrieval.

RR - random retrieval.

RU - random update.

Rl - random insertion.

S5I < skip sequential insertion.

¢yl - cylinder overflow (overflow records in same cylinder as prime records).
ind - independent overflow (overflow records in different cylinders as

prime records).

_




e P e e e

Nl e et iaeh b a6 i 4 %

i

—[ -
i
Mode of Overflow Percent* Model ! Measured Mode ] !
Retrieval Handling Overflow Restitt , Resufr | Errar |
(secs.) J (secs.) | (percent) i
B e . .
et
Loading ind 0 186 i 159. P17 |
- LT
SR | cyl 0 10.9+xx | g g 281
] fr—
‘ ‘i
SR : cyl 5. 1.6 [ 16.1 311
L 4 I - ,A,‘{
i 4
SR | cyl 16.7 30.0 279 752 |
I T I
SR ind 0 10, g+ l 3.64 26.1
p—— e e o - t ‘_‘_,,_{ ——————
f i
SR ind 5. 45.5% | 6.9 23.3 [
T ’ T
SR | ind 16.7 8z.1** 1 9.2 18,6 ;
——— - : B e
SSR eyl 0 422, I 1,93 ’
e
SSR : eyl f 5. | are, Lol D DR
L ; — e
SSR eyl Y167 148, [ oasl I 9.6 |
- —_— — e el
. I
SSR ind 0 422, LA 2
t——~— —————— . - t v~_—71‘ T e — o o
it ind 5. 57, L ded. (11|
—————— —_— e e L ‘
SSR ind 16.7 1 e13, e 544 12" |
—-—»—-—-—-—‘—-.v._;__-‘--——_-__,_‘-———————-_._.rv_a -+-—~ e e e
RE z eyl 0 790, o732, DCh
RR eyl s, 7s7 Lo, b
R — t R T
| RR eyl 16.7 816. ST .56
- : ; e
RR ind 0 781 718 9.2
e
RR ind 5 Poosen 52 0.61
!} RR ind 16.7 B P 546, RN
b e -
i {
.;Ru eyl 0 T uTo. to0l
L L S -
fvent 8




! ! T T -
viode of vert low 5 Percent” Model “feasured 1 Model
Betrioval 0 Handling | Overflow o Result Result | Error
: ; ; {secs.) (secs.} | (percent)
— o " - = eI e SN
1 ! |
R ; eyl } 5 ) a12 951 | +.10
i i
Ri! | evl { 16.7 941 999, 5.80
. *‘a n o T
RU ; ind : 0 906 . 955 5.13
—— e ey ¢ —_— _— ——y
RU ; Lad 5 927 941 1.49
T i T T ]
RU ; ind ; l6.7 1047 1038 .87
+ —
R1 ? cyl 0 1422 1731 5.25
T . T
Rl ? cy. f 5 1418 1381 2.67
— [ -
I Rl cvl 16.7 1446, 1371 §.16
k1 ing | 0 2458 1937 26.9
R ind 5 2493, 2005. 243
T r .
R1 1 ind 16.7 2717. 2273, 21.1
]
ss1 % oyl g 0 1054. 1077. 2.13
§g1 eyl 5 1050 1018. 3.14
551 eyl 16.7 1078, 963. 1.9
531 ind b 1979, 1957, 1.12
58l ind 5. 2027. 1984. 2.17
Sl ind 16.7 2288, 2207. 3.67

*In order to have the model set-up and the real data set-up be as close
as possible, the 0 percent cverflow actually has a very small number

of overflow records.
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**The discrepancy vetween model and measured resuits is mainly due to the
set-up of overflow records in the created data set. The cverflow rccords
belonging to the same track, for example, are stored very close to cach
other in the actual set-up. In the model, cach pair of records is con-
sidered to he separated by half as many cylinders as there are overflow
cylinders.

***The error in this case is due to the assumption that missing of revolutions
occurs when control is returned to CPU to set up the reading of the track
index and next data track. In the particular data set chcsen, no missing
occurs probably because there is a considerable amount of empty space at
the end of each data track.
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1 DveEl (30)

ot rtarw
l VN [
1 DVELT
5 325453 XS 36 3 3 N8 36 X6 N8 RE N6 K2 3 38 B8 HE X1 BT 36 503K NE M N 3% KE 30 A R A0 N 34 A X2 3 HE A N 3 3838 KEHENE
riLE 1AanLE
alMenS i PLIAS(Z20450)
OO IVALENCE (FLTIAK(Ts 1) oFLvULL))
DALA MAXEFLyMAXAFI/2Us50/
56 32 38 55 56 52 30 3% % 0 28 X8 NS 58 X0 A R8O 30 X08 52 % N 808 50 33 2K N8 Re K 2e N 2 Xe 46 08 AR NE N N RN
Cummety /rL/ NFLy
#*INPUT

1 FLnN (2010,
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1
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1
1
1
l

1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
i
1
1
1
1
1
1
1
1

Ll e e R VN

FLDRY
FLThiyny
FLngr
FlL A
Ft.lvyp
FLKEPK
FLP1Y
FLUBY
FLbua
FLRyE
FlLilnk
FLIS?Z (200,
FLmM]
COMMUN sy
*CUMPUTED
FLRPPI)
FLRKPET
FiKP TP
FLHLPT
FLRP T
FLsLT
FILNTP
FLNCPK
FLNBP
FLINT
FLINCT
FLTNK
LRSI
FLNT
COMMON  s¥/
FLNCH
B fymy)
FLINK
Fing
FLINTP
FLluky
FLIuvVE
FLETT
FLSEG
FLIFD
INTEGER
1INt
FLbkvV
FLivvw
FLIDEY
FLETI
rilbvi
FLSEG
FLIFD

(29,
{20,
‘7”)!
teur,
200,
CE‘)}'
("0,
(20 ),
(20},
(200,
{20G),

(2n)

(21}
(20)
(20),
(200),
(24) .
t20),
(20).
(70}
(201},
(;{))l
(2N,
(760),
(20,
{700)

(720) 4
(A01),
{70},
‘Z())l
(201},
(20),
{21},
{20},
{241,
{24)

A I )

t}aTA U'HIIHQ'IHBI'UIIHU/oUI?H L/

INTEGER U7
CUMMUNIPCTRL/PKINT
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aala N )/ e/

REAL M

nala il /6/ hY
IFiPRINTFDemil) G0 fU L1111 '
WRIIF(T o L00) TFLePFIL s TP 0B

Jaog »uxkmaAT{(SOX,YHCALL SAM 0]1“9"].().3";1()0502(9XA1))

Tt

L =~

~

ot Enle
[vrvy = FlbeviTtL)

Cat = hvoaT(hiev)
tal = pviaitioev)
mAl = ovsal( lbiev)

Irtovive{Turv)eemalae) G TL T
ft: = PONCUIFELYRCAL + FLNBRUTFRL ) =nAT
TE(sgkagr) st T 7
11 = () + FLINRUTIFLISTAT/FL RPR(TRL)
tir = 10 +{FLTNIP(IFL)+a9) =] AT
[r{r n PT{IFL}JGEeled) GO T 2
mImoz (CRIL(Ye/FLRLPTILTRC ) =(1a/F B PT{IFL))I*TAT
SC = e INMR(TFLY=1,
[ELR N NI ]
Fiv = (le = FLULFI{IFL)/ZFLRLTCIrL )R] AT
SC o= oL InTRlIRL)-1a
Xm = TomplRPs(IFL) + DVviARI{TDEV)
TE (R EGN) (31 11 o
T = T + CEIL{XaZIaT)RFLTRRETEFCISTAT/FLRPRTIFL)
Ir(((=fm+pvTnl(1EV)
1Z1AT = Amtin(X#M,Tal1))e6T.0,) T = TU-SC=TAI

W o SNaws WS xTi

3

al

9h

1

1

/

1

1

SaAm = SAv/Z1000,
R fsimert

ALY Y
IF(Xma,TaTAlI/PLRLTCOIFLY) GEr T »
It = 11 + CrILIXH/TAY =1o/FLnLTCIFL ) IXFLINRITFLIZTAT/FLRPHRITIFL)
TFL(TERFLRPRIIFL) ) efsl o (TaT+VTART(IIEV)))
Ty TH=rFLYNKITF Y01 /FURPRTRFL)
Pr (i lTP+l o1 =TR))#FLEP4(IFL) ) JGT CIATHDVTART(ITDEV)) ) AND,
(((TP={ 1% IP))RFLRAB(TFL) LT UIAT+DVTART(IDEV)) )
a<liel{ut?20)
FOURMAT {9X e 2HTHE KECURED HLOCLING AND PRUOCESSING TIME <t CRIVICAL)
IF ((Xm/ZiAal=1./7PB i {TFL)})atT o0 )G T1E 55
1 =fo=S6xjAal
Gy fr v
PRI+ TOTOIOEV I ZTaT=ami(Xm/T8T=1eO/FLHLT(IFL)91.0))e6GTa0.)
e o= f1) = SE=TAf
[N N1 )

SAmi = [APE  SEOUENTTAL ACCESS

(Pl = FLRPR{TFL)®TP+OVIARTIDEY)

IF(nared) TPT= IRT = ((UDVHPTOIDEV)I/FLRLTOIFL)=DVURKBL(TOEV]) ) 3*
(TAT/DVRPT(IUeV]Y))

[F(IPIGTeDVIVDIE(TLEV)) GU T LG
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11
1

GT
GO
IR
Ph]
HM
FSI
G
Gh)
AT
BM
FST
GT
To

G
kY

= DVORBLUIDEVI®YAT/OVHPT(THDEV)

Tu 11

TPILLTLOVIDTUIDEVI+RATY Uy 1L L2

= T - bvIDT(IEV) - nAl

= DVHBPTLIDEV )=KAT/TAT

fOVORBL L IDEVI=-BMI=tal/bvHaritlinery)
= DT 4+ 2+¥BAY + FST

1 11
= TPl - DVIDTLIDEV)

= 2% ADT#DVHPTIIDEV)I*(1e = BDV/(7.%8AT)V)/141

= (DVUBBLUIDEV)Y=4M)= 1A /Dvak it Tuky)

2. *ADT+FST
(CCOVBRPTOTRDEVI/ZFLBLTIL R ) =DVUssL L lukryY) )=
TAT/ZDVBRPTCIDEV)Y+L ) Er InROIF ) /ri ksl tr)

tu %

N

v-17




[

O

o

LY NIV Lo |
WA
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ey e baRle
paln TCeCC/2viLe2mil/
Cdia w /2 /
DhmrnSs Tty DVIaR {30, 20)
g lvagenCe
vt A MAXNDV embA XAV /3 )e s/
R E AR R A S RN ¢
ity SV / NV e

s v

PN T mpam (I r s XNe i YPy Suis U TFe LN)

e 3T B33 RA RS AR KKK N8 A 385 BEAE ROR 3R e

(Oviasi{lellabbvl:( 1))

S 5 R R BCREROR

1 (R (30)

| UVHE (401},

] LIVl (301},

L Dy oy (30 )

1 bvie( (At )

1 DvCal {300}

1 NVLrn (30),

l bvisal {30)

L uvTar| {40),

1 pv T {30),

1 DVKGAP {30),

1 UVHFAC (41))

1 bviatl (30},

1 DVCATE, (3i1)y

“CUMPUTED AT IneuT TlMme

1 Dvel| (40}
[ rFiaFR

i DN .

1 vkl

3238 R0 WENE AR RD NE MRS IR RENK AR UM MRS AR RO A A MA T W IR SR N

FIL» Tanig

STy FLIAST 200690 )
FUvALENCE
DATA MAXPL +MAXAFIL /200007

SO N 0X HE E 0R 0 O N6 A N

(rPiTanl{ Lol )arinit(l)}

R RN NN S MR MR NI A AR A ST RN AN R R MMM RN RN R RRRER

CimmmUN /EL 7/ NFL
#InpyT
N
FLUFY
FLTUVN
FioMLE
FLAM
FLIYP
FLKPB
i Y

ot g e e gt s b

{(20)
(20 ),
(20)
(20),
{200,
(20)
(701,
{20)«
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1
i
1
1
1
1
1
1
1
1
1
1
1
1

Ll Rl o S R,

Pt e e et et i e g

FLIIKE)
F_kFPA
FLRPUF
FLi)rp
FLISZ (20},
FI_M]
Cimmijng_ /FL/
¥CUmPUTED
FLRPPD)
FLRPPT
FLRPTER
FLBLPT
FLEPTO
FLRBLT
FLNTR
FLNCP
FLNKHP
FLINT ]
FLINC
Filne
FLRSTZ
FLNTU
Cummiin JrL/
FILNCUO
LN
FLNG
FLNC
FLTNTR
FLIUEV
FLIUVI
FLET]
FLSEG
FLIFDL
INTEGER
LN
FLUEV
FLIDVN
FLIUEY
FLET]
FLIUV]
FLSEG
FLIFu
UATA XJoC/IMI41HC/
CUMMUN/PCTRL/PRINT
REAL WU
UATA N/ 2HNI/
REAL LENGTH
ABQ=U.
10EV=FLIDEVIIFL)
INTEGER T
VATA UT/&/
TATO=DVTAT (JUEV)

(20
(20,
{2¢)),
(20 ),

(20}

(7201,
(20),
(20},
(20),
(20),
(201,
(20)
(20)
(20),
(20),
(201},
(70}
(200},
(20)

(20),
{20},
(201),
(20),
(20),
(20,
(20},
(20),
{(20).
(20)
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Loo
1
L2

!
I

Lila

1

Calp=nHvCal(lbey)

HAlH=NVRaT{ [DEV)

YPAs FLPRALTFL)

[r ¢ QUanNEaXT) GU Tu 1

PX o= Xiv / FLInm{IFL)

It XN JLT. Ol.Ub) GU U L

=1

Anil= LENGIR ( PPAy FLRERELEL) ) +4a80)
FRIPRINT GEQ.™I)) 6i) JUu 11172

WHIETE (14100 ) PPA G RPBIIFL)yABD
il Pt

Fi=]

FIXN = FI % 0O.05

[F t PIXNe GEe PXN) ) TU 172

= 1+1

HPA = PPA+ (allD

Gy 18 1]

FUKM AT (LHO o THFI_PPAS ., F1Os3s9Xy THEI_KPH= o FlOe3 o 7THEFILARLY,

1003 /7 )
FLAHOQ = AX0 / +|
) Fiy 2
FLARMOSLEMGIHIPPASFIKes{TrL))
FCON = "FLRPUF(TEL)
1CIHN=Q.
FLAKO)S] .
TF{RINTaEDLNI) GO U 1114
wRITE (1173100 ) PPA JFLRPAITFL )Yy FLAKD
CUNT IntiE
T =X JCUN +CATO+BATI+ (XN=1,)x{RBATI®{]l,~1./FLNR (IFL}))

+ CATDS(la~lo/80L0C CIFLL)) )

[F C FLUBLPTITRLYLTe 1a) GU TU 3

e FIMECIFL ) oeNET ) GU U 2

wi = 1.

5T = o»

() fty &

wl = 4h

SE o= O,

1y = TH+XN® (Wi+FLABQ/FLBLPT(IFL)) = TaTw

to = JO+AN* (CellL (ST+rRLARD/FLBLPT(IFLY ) =1a) % (WATD /
(OvTeClurv) * LVCPRBIIURY) )+ CATU/ZLUVTPCLIUEV) )

PP QUenNEGXT) GO TU

1) =2 T + XNF2.% CEltL{la/FLBLET(IFL))% TATD
Hidhie = TeXnw TP

e (QUWEQLC ) BuAM= HUAM +TATUS CN%2.%¥Cell(le/ L PTLIFL))
nDAM = RDAM/1(00.

Ir{PrIMT kO, N0} GU TU L1111

whRitk (07e 1ul ) Buam

FURMAL /7y 9X 5 DHBDAMET o 95Xy Floes )
Comed I ntse

Wi bR

il

Lewniin
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KREAL FUNCTIUN LENGTIHISTZ yty)

Reao N
DIMENSTUN SOTAB{ 30,H)

VATA Sulag /
L1eUDvZevaloBesnlrBaredsDerets92rveD1bar1abpshasehDelavalniorsalDylasars
AlereMo9Tase 90 lar e 999 laalallolay
Plevlovlerl o934 uslaldTslesleZdrlasledbbslorlanvlolerl . ® 51 iev’atis
Blesdelbslas2el.16v3e2”7301are39]lavbedZrlasllenlenlhevl,
B200)lev2e9lesletl1a05912e9l0l207e91e?0e200le2492 sl ad70erlotea?,,
Cle9012a901aB5920901aB992a97:907e93029209De21200l4.91,
42%0e99er1laverlosDasletlZ29900lalbsbeglellRyDerlel?eDasleleemasllr,
e 0le299e1le3595001aD99ar)eH919e972ah9D9sllen
D6%0e310e9lerl0evleslerlerlOaele07910,00la004410asl 00031000l etbalitas
FleOUBy10aslalDsl00rlal2slfeslasbelUearslabayltiaeMey
66100’20-11.120-'1.'2().01.02()-’1-v?.“-'l.”l’z”-v]-U')v?“-tlt‘)j'z')u'
=1a059120091leUB 22000l al?020a8leab092044 70w
110%0699009le95009]l 002003l e190a9lavD0ey]leeD0aolarDlavlar™Nael ils,
(;‘30-91-1""50004a'
Hl"*()ovl“o'olntl”().vlo'l“”.!l-v'l()()o']-0l“()-vl-ol“U-olc!l““o-].o
F10Oayla /

NTan= 30

A=Q,
T 0O 1 12=1.NTAB,2
TF{SUTAR(T12y1)aGToSI7 )00 TH 7
CUNTINUE
[F{12.,F0.1)[2 = 3
NE = SUTAR(I?41.1) +1.
DU 4 J2 = Z24NFE
I (SUTARULIZ4J2) el ent)) Gu Ty &
- 3 CONT INUE

& NE=SSUOTAR(I2=1,1) +1.

D) 9 K2=240E

TF(SUTARIIZ2-2+K2)alleNUYGH TU 6
CUNT InuE
1IF(J2.EQV.2) J2 =3
IF(K2.FUa2) K2=3
Tl = (IND = SUOTABUI?=24K2=1 )11/ 1SUTAR{I2=2+K2)=50UlAar{]z=2,K2~1)))

1#{SOTAB{I2=1+K2)=SN)TAB( 12+ 4K2=1} ) +SUTAHR{[2=14%7~1)

T2 = ((NO = SOTAB{I2442=-1 ) /USUTAR(IZ,J2)=-S01T1an(12,0272=-1) 1))

L (SUTABLIZ+1002)=SUTAH( 1214210 )+SUTAK(T2+1 40211

LENGTH=A + ((SIZ -SUTAR(IZ2=-2,1)1)/1S50UTAR{I2+1) = SOTAK(1I2=2,1)))
Ix{T2-T1)+T1

RETURN

END

N
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[SAam TueX Sewuenl ol ACCESS mE b muL
Ke AL FUNCTION ISAMULrLe XNy FYF o SUpTy I PyCiNg Rijnt )
L = Pik [0 FILE
Xy o= Nile RECHRDS U =g KeTRIEVEY
tyw WooIF RISAM  feba AW CHNSECUTIVE RECHRDS
= b Fr STSAM XN RECURDS TnDEPENDENTLY AY XKy
N - o I STSAm Y5 S5uRTeED
= U IF STSam KEYS UnSUK D
QU = ] Ir InNSERT 1YPE UPLALE
= C Ik MUDIFY IYPE UPLATE
= 0 Ir QUERY
1+ = PRUCKESSING Jlme  Pex KECURD (mS)
Cn = nNUJe RECUKDS CumPLETELY WQUALTFY NG

SUFFerRING P THN =~ SYSTEm rPakamE s
K1 RECHRD IRACK (nvlY
11X+ IRACK [nbeX
Cl o+ CYLINUDER InveXx
mp o+ mAaSIE< INUFRX
CeiLEX) YORE-L YOrTLING FUNCHTHNG = SmALLEST INTEGER
IMAN R FUQUAL U X
HA LD B/ 2mK |/
lmEnNSTON FINCLLZ20)
EOulvatenCe (FLNCTOL) yFLINCTINL))
DATA [CsCC/2RICs7HCCY
wREedalL mC, 10
DALA WMC/2mAC/
R N Y N R MR RN R R RN R TR R RS RN R R Nk #xe
UBEVICE lAaBLE
DIMENSTON DVTARBL 3020}
EQUIVALENCE (UVTAB{lel)ovynU(L) )
DATA MAXLVMAXAIIV/ 30,207
B %8 N A6 N NE TR BT IR XL AR 3F 3 30 AT LA XE 50 M0 3T R4S A8 K6 A A 20 N M0 30 3x 5 g Xe K030 3R R T IW N K
CHMMIIN FUV/ NV,

*InPuT

XV {30,
DVHPT (301},
UVODRHL (30)»
DVTAT {30),
uvTeC {30)
uvCai (30),
nvCrH {40),
UVRAT {301},
NVIART (30)
UVTul {301,
DVKGAY (30),

DviEaC {(30)
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1 bvCali UETIR R

i uveatlL (30),
C wCMPUTED AT Iwvrud 1 Mdr
1 nveTl (30)
C
INTEGER
taV NI} .
1 pvetl
C N MMM R R AR RN NI M oA SN B3 0 B M AR A N BONE MR R AR RS MBI oA BRI A N
C riLe tARLE
NlTaAENS TS £ JAKE 2,500}
EQUIVALENCE (FLTAB(Lyl)erUNUIL))
DATA MAXFLyMAXAFL/Z 70900/
C L R R g g g R T g Ry T gy S TR RV SRR TP
CUmmiN /L / NFL,
c #]WPUl
1 F 1 Ni) (20,
1 FLOUEYV (2010,
1 FLTDVN {20)
1 FLBlE (210 )y
1 FLAM (20)
i FLTYP (20),
1 FLRPH (20)
1 FLPOY (riida
1 rFLUAD {200
1 FLPRA (20)
1 FLPNE {20 ),
1 Flunk (20) s
1 FLISZ (201},
1 Ml (7201}
CUMMUN  /FL/
c *CumPuTey
1 FLREPY) (20 )«
1 FLRPPRT {20)
1 FLRPIP (201,
1 FLELP (20},
1 FLRP T} (20«
1 FLBLT {20t),
1 FLNTP (20),
1 FILNCP (201}
1 FLNBP {20),
1 FLINT T {(70)
1 FLINC] (201,
1 Fi_TnR {20)
1 FLRS1Z {20},
1 FLNTU (20)
CUMMUN /¥L/
1 FLNCU {20),
1 FLNRYU (201},
1 FLNHR (20)
1 FLNC (70)
1 FLTNIP {20)
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1 TRV (20,

1 R (201},

| Pt T {700,

1 FLSKG {(20)

1 FLIFD {2u)
[T BN

i [ A IR ’

i i lbeV )

1 ri Iy v

1 FLTUEV v

1 I | 3

1 iV .

1 FLSFG "

1 FLIFD

Codmmpn/RC TR /PR ENT

ATa witf2Hwiig

WAL Ml

naln REs I XsCL/ZH Ty Z2mifo/HCT/

xtat Ihylslt

tala Tre Telb/2BEHa2H JTegHjt/

REeAL wfeas ) S

B ta sl em/f 2R 2 M/

aia Gren U/

Dhln n/lmxs/

HATA R/ b /

OBITB Se Nelle ISeSToUL/ZLIHS 2R Ne MU 2HIS2HST 24 1/

[l ke 0]

onla i /6/

TREIYR R, G 1 ]

Jrivrinloriantd) i1 by 1111

AR TIFLOT 100 TrLeXnvg IYPeSU WU TP 40l
100 FORESATIS0Xe9ACALL 1SAMe 110+ F100 e 9XAL SXAL 4HXA2 k103, F1VA//)
TLEE o d Penie

Pl=ite
bzt
oy = e lbevOIFLY
Inrv = FLIDEVEIFRL)

tvi =  HLJevItIrL)

intn= ovial{iov)

mafu = DvBaAT{TUV)

Caiu= nvCATLIDV)

taTl= pviat{tovi)

Cati= agvCaf(iuvvl)

calni=uvCAati{iuv)

Catu_=nvCaitLilov)

CAtll=nviall{luvi)

Cailu=uvCalLtinvi])

CAIr=CYIL CLPLNCPLTFL Y/ Pe he TIVY
CATIm=CYL{{FLNCTI(TIrLI/ 2. Plelivi
CATIPR=2CYLELlFLNCIOIrL)I*PLNCHIrL )24 10V
v = FLTINRCGEFL)

Frami g & FLEHIRIQUALEXN/ TNRPILRPR{TF ),

Vo4




1 FLINR(IFL)*(la=FLPOUVITIFL ))SCFILIFLRERT I ) =r PR (r ) )
1 /FLRPTPLIFL) )
TF(FLRPPUCTIFL) oEQe o) IwBCD = Xivsrl roviirl)
TF{RFLRPPU{IFL)aNESle ) INUCH = DUALUXN/ T kL REPULIFL ) ar iir il ) )
TNTO =2 QUAL(XNZTNR oFLRPFTIIFL ) WP TRIRO]rFL))
TE(FLAMUIFL ) EQQTE) ST = FILNTR{TIR.)
IF{FLAMI TFL}eNELIED ST = BVIRCEINDEY) -1,
INCO = QUALIINTO/FLTNIRETFL )N ek NCHEOTr )
IF{FLAM{TFL ) ste IH)
1 S22 FLODRILVECPRIEIDEVIAtL s (R PUVE TR IR RETPIT R )/l e=ri vt Y
1 (IFL))RFLRPIO(IFL)=PLPOFITFL) )
IF(FLAM{IFL)eNELIB) 57 = pvers(iney)
TNMO = RDUALLINCOZFINCPITIRL4S? R TE I
INTOT= QUALITNCOZFLNCR ILRL ) FLigC R T R ) /70 ANTIEIRL b er I b (I ))
TNCOT= OUALCINTQLI/ZPLINTI(IFL Y yhvirC(TOVI) o, TG CTRLD)
TFIPRINTLEOLNY GIY Ty 1112
WRITE (T41999)
1999 FUORMAT(3OXOHTINHL I ¢OXy oHTNUCD s IXgeRTRNTO, 1OX g InNGO  JOX qamlivieiy,
1 1OXg4HTND TS 10X «5HTNC O] )
WRITEINTS2000) TNBLO,TNOCO, TRTO, TGy by bwdeely T ]
2000 FORMAT (26X s7Flé4e4)
1112 CONT INUF
TF(TYP.ELD.H) GO T 209
C SINGLE [SAM
TF{SULFDLS) Gt TH) 2
TF(BUNELCTaONUKUUgNEoMI )} G TO 3
CITA = XN¥(]l, = ls/7FLINTI(IFL))
GO T 4
3 CITA = XN*({l, = la/7FLnCPLIFL))
4 JF(IDEVLEQLIDVE) GU T %
CICA = Xins{l.=1o/F InCICTIFiIL))
Gy Ty A
5 CICA = CITaA
1) Tu A
2 TFIBUGNECleaNIenUaNEa®™]) U 1y o
ClTa = INTOI
CICA = Tn101

GU U 8
7 CH1A = INCO
CICA = TNCO

8 JF{IDEV.EQ.IUV]I) GU TU 6
ClCa=TNCH]
WRITE(G6,7113)CATFCOAY N
7200 FURMAT(30X,5E1%5)
T201 FURMAT(20X+5E1645)
7113 FURMAT(&OX42E20.5)
T111 FORMAT ( 1OXeFlbhebe 1UXerl5«2)
& WRITE (6,7200) CITACICALCATrCATINCAT]F
IE ((FLMITIFL) aEQam}JURL(FLMILTIFLY)JERamC Y)Y Gy TH 9
IF {FLMI{IFL)CEQ.CC) AU Tu 11
TISCATOHIUNEICICal=-1)=CYL Ut PrLNCTLIRL I+ rintrliir i} /2,0 Hiiny)
I (FLODREFLTNCICIFLIZ2. 0 I%CTICARCATIL#( (e INTT TP 37703 00T 1A
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ir Clorvesrelnvl) VIsCAalt I+ (ane (i ClCa)=1a ) CYLir Gl iIr ) /2eelvide
e ri i AP /2 e bR U ORCAT T L 4 FLTWTICE - 72, 2C T TARTATI
[T R i
4 oarli=tbe 20000 T 0nslliAaelaTraCaln.Callr

I brtsltlrt beridgmC} Guy 1) 209

1+ {mtigbe]) Ly T 12

pisnalne Uk {CIn = e+ lla=Ta/runNCLIIEL ) )=o) 5CATIin+Z2a%CITA®TATY
T {lorven=gtvly di=fatl +dagnwetf tCaAT={la*l{la~Te/rLnwCiiIrL)))=1)
L~Caifne2 = 1% niy

[CEE T I ]
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IF (FLNB{IFL)etWele ) GU U 20

v-29




OO0

=4 +{ 2w XN=14) % rLPUVIIF_ Y= )e= o/FLNBUTIFL))*HRATD
Pr (S gringS ) I B 16007

v = 1 = ( XN=-la)%{]le=1 JrinnPlIFL IR 1e=~ FLUPFUV(IFL) ) %RBATD
bb o PR
Lo b = I = sAT*(1l, = rLPUVvITIFL))#LTNRD ~ 1)
1O e = guaxim {(Ja=r PuVIiirL))«2, %#bAT0 )
i dir 20
AU e (ngr JC) Ga Tiv 196
ir trLmiri(IRrL ) etrale) tati b 19
i X tafir={l e (e /APt BTUIRL Y I PT (I mi )=l /2, 0% CHILY
Lle/rimi i (IR ) )% 20+ (L a/FLPTLIFLY)) +4.,)
it 20

Lyl Tostoexy= AT Cel L) o /R PTOIFL) Y+ /7 PTUCTPLIF(CETILTL A/ rLRLP]
baodr ) +{le/FLB_ I TIr_}))+aa)
{al [ AR
Ioe I (FLRLYTUIFL)elnela ) G dy 19K
ts T+ xXna AT 2 .%CETL 0 W/ R PTOIRFL I+ 0(RLBLP T LEFL) =1 ) /2. b L
LOrin (1o /rLRLeTLTIrL ) ) 3,4+ 1a/rLn PTLIFL) ) )+3,)
Ao 20
Py 0= to+xax AT Z24CET LI /P PTUIr ) )+ CRIL T /P ERPTUHCTRL) )+
Lt e /mw b i {Iri ) )+ 7 o (CETLE ) o/FLBLPILTIFLYY={)s ZFLRLPTC(IFLYY 1)
FETEEE N TRV TN W o I I N

22k mumdnd (YaunveExrL N 11k )
Ti=t i+ 0)exmnge
1 Saem=11

e (e r  IC ) aRg (D1 rt 1)) Gu Tu 2u
19/ e (fgeragtt) (b [ 50
e (L oneragQC) il 11 19y
TI=TT+ON=T AT {le=FlPUViIr ) deCeli{le/rBuritIrL))
1 o+ rlpnviTRLI=Cel e/ FLKPTUITFRLY)))
PSeam=l
Bl fer b
199 Ti=t0+0nafafos{ (le=r vV IrL ) =2,2CelL{)L/FPLBLPTCIFL))
I o#rivaviIFL)u2ewip L (e /PP IULTR.} DY)
fSar=y1
TF{wRINTaEDeit) 6t Tty 1113
vik TTE(IT 42001 ) 15AM
AUNT FHRFAT{SOX 20N/ /)
1118 Crovi e
L Tt w0
B3
RS

=24 AS 10 IMLuEeXED SELUenTIAL mEiR(Y

209 1F (U FLal{IFL) enbEaM) s ANUeirLmitir ) oNe M) ) Gu U 171
I (TR VeEO TuVEY G T 177
[ {rLmItIrL)eeem) G TU 173
TI=CATI+IXN=1 }RCYLU(FLINC TR ) =103 /2 04 B00VT)
Ti=i]4laxTAll*XN
G0 1 L7h

173 TI=CATT*{2e%XN=] IRCYLAOIPFLINCI{IF L =10a)/2eslV]])

v-30




Tl=T1+2.%XN%1A11]
GU Tu 179
172 1F (FLMI(TIFLYoEQuM) GU TU 174
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TI=T1+2.%XNXTAID
GU T 1LPs
171 1F (FLMI{IFL)ocRCC) GO T 1 7Y
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( AED v 2Ly S

REaL
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Caltte VvCAT{Tuv)
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Catl=z uvCaftiuv])
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CATR=CYLI(FLNCPL{IFL)/2e)0l0V)
CATIN=CYLL(FLNCI(IFL)/ L2, Ylelavl)
CATIF=CYLULFULNCIUTIFL)+rLNCHITFLD))I/2.410V)
INK = FLTNR(IFL)
INBLO = FLUURTQUALICNZ XN oFLREBEIFRL ),
1 (XN/FLREB(TRLI)I®(Lea=FiIPUVITFL) ) ) }
IF(FLRPPILIFL ) Qe l o) FniICO = Xmspt By [FL )
TF{FLRPPII{TFL ) oNEel o) THNUCH = QUALTXN/TNReFLREPULTIFL ) yri Tniw{Ir ))
TNTO = OUBLIXN/TNRoFLKPPILTFL borLINTPITFL))
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IF{PKINT.EOLND) D) TU 1112
whIte (UTe1999)
1999 FORMAT(30X5HTNBLO ¢9X e SHTNUCD ¢ 99Xy 4HTRNTO, LOX gaHT Wl Dg LiIX g GHT i,
1 1OXeaHINOT 210X, 5HTNCHT )
WRITE(UT,2000) TNBLO e INUCQ e THNTUs TNCOy TG s TR g Invile]
2000 FURMAT (26X4TF14.4)
1112 CUNTINUE
1 [F {{QUNE.TJeAND{QUNELIC)) G Ty 35
IFI(FLNCUIFL)«GTele) GU TU 161
TOSCATD+RATOH( L «+FL_TnIPLIFL ) )®RTATL
IF{OUNESIC)Y GII 1L 23
TOETLH( Le+FLINIPLIFL) )50l
23 WRITE (6,7111) Tls 10
WISamM=TD
GU TU 90
16l IF{IREV.EQLIUVIY GU LU 162
TO=CATIH{FLINCIL{TIFL)=1.1%CATIl1
TD=TO+FLNCPLIFL)®3,%1A(]
TO=TU+FINBLIFLI=CATURIFLNCR I P b=r nB IR I *CAT UL+
1 FUNBLITFLYZBATO+FLNCOIrL I (uvivitivey )=l ) =sa=1A% 11+
2 FILNBUIFL )®*0.5%TAT10
IF{QUNELICY GU 113 23
10=TU+FINCLIFLIRUVIPCITIOEVI=TATUS 2. +FLNCPUTIFL )18 1D
GU TU 23
162 IF(FLNB{IFLIsblEels) (U Tt} 163
TO={DVCPHRUIDVI-FINCT{IrU 1) RCATORZ a4t l o= VO (T rL b =rnClllrL )Yy
1 FLNCRPEIRL )Y PFLNCTI( IR ) 2C AT E+rinCRL I H L ) w3 1A
WRITE (6.7111) 11, Ins
TL11 FORMAT ( LUXeFlbDeSy fUXsF12aD)
TUsTOSFLAB(TFL)YSCATORLNBE TP 1 Ra lU+rLn v TR Y stuvivCLirL ) =1 ,)
1 B3, FTATULFLNRLIFL }#0eo% AT
. wWRITE (67111 T1s v
TFfUUnELIC)Y GU b 23
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oz los=iANCHTFLIR 20y ivCUTRL ) FATD+rLNCPOTFLI®TATD
tslb 1t 23
Led =0l I+ (FINCPUTIrL )=l al® 2% LATIR4rinCY(lrL) =3, %1010
vhjbr (Rellll) bie 10
Pz ek wn{ [TFLI #8810+ F_NCITRFLI¥IUVIRCE DV I=1 )% TATUS 4. 4,D2T4ATD
wrlir (heflll) tle 102
frii ik 1) Gub ) 24
[osfoefnlEirL ) #=vivCl v IxZe s Al sr nCriIFLI%TATY
i i1 23
4% TR0t s CCleURalitle el )) GU TU 300
TririamiTrFL}enNtalt) i) i) 200
A0 toEea)E(NECXNSEL N TR ) /R Ik ETr ) ) ) +CAaTDI*(UNE R LNCPOTFLY /
lrLinR{IFL)))
2072 TH{mRLPIlIFL ) etblale)tau Tu 203
r=] .
Pizlurava {le=FLPuvitrt )<t efi(le/ris P TCIRL) ) ) RTATU/FLRPHLITFL)
I #XN¥{ ) e=FLPOVIIrRL) 5L e mtaTo/bi vl IrL)
ArRlIIE (He 7111 Tlslu )
JrRrOCrLABLICTIRL)=FinL ki (TrL YY) o6, 001) GU TH 204
JsfoeXiveml POV =L)=0r {1 /LT {TIRLY)YETATD
PeXnseLPUOVERTL) ST LT
Lol 20»
s TD=TO+XWNSFLPOVET R} #0ETL(L o /FLRRTITIFL ) )=TATY
Grl i 205
U4 IRl (mUNIN/24) eGTartrLPITIFLY) GU TU 206
FhEEI LR BUNG/ 26)
206 10z TUFIXNF{Le=~FLPIVETFL ) /UFLRPAUTIFL)REN)+XNS{ ) o=FLPUVITFL) )%
11/ (R I=L)=F LT UIrL ) )=TATOHXNSCLRPUVTFL)®TATD
i)y 205
A6 rausFLRLPTLEL)
iy T 207
200 1F TrLPOVIIFL)eEDSDe ) 1) T 209
[ (FLam(IrL)erba ") GU T 210
t=naTDS{ONE{XNEr NP CTFL Y/ FLTRNROTFL ) ) )
i FCATOIR{UNE [ XN*FUNCPITFL)Y/
Yri bR ETFIL) )
wikfle (b f11Y)Y Theln2
xzr ol TFL Y Zuvieen i lov)
vyl inREELNCHI(TRFL ) Z700v0PRTuv))
WRiTR (he7111) Xo¥
Ir {Xefstale) il 10 7211
Juzlo+ FLOORIFPLPOVETPL I3 XN)& {le=1 o /0LNCULTIFLII®CYILLFLNCULTEL Y/ 2,
| 1V
wRIlE [6y7101) 1110
Oty iy 2312
AL dnstosiridnr{rLravi el ¥ XN a=1o ZFLaCU{IF ) )m{l /X)) )%
1 (YsCelFe Tl e (X=Y)/72. % (CATUL=-CATUL}}®{X=Y})
willr (Ry/7)11) TleTR2
2172 br (PLBLvT(IrL)o6Taled GU 14 202
Treri Aalri{IrL detiiala ) GU U 250
291 ir (FLPIIVIIFLIGTL0.2) GU MU 214
josine(Xu=1,1#0vvlaTuxkL ruv{[FiL)}

s ey i




g N xNaNeRaN gl

WRITE (bhefll1) TTe3L
Gt 202
250 I+ (rLRPB(TIFLIrOLLs) U T 202
GU Tu 2851
214 TRO=TO*ANM) R, ~FLPUVIIFL)I®TATY
GO 202
213 1F GFLPUVEITPLISFLREPBEIPLISFLALR IR ) /L »r vl r L Y ol 0l s)
1 GO Ty 21%
Tz iDeXN*FLPOVIIFLIRU 9% TR T
Wl TE (he7)1Ll) TlsTD
G T 20
eld TUTUEXNR(L =FLPUVIIPL) ) =0a9%TAT/ (FLRPALTFL )= mi I FL))
WRITE (Aa7111) 11,00
GU Tu 202
210 TL=TO+RBATO¥{UNECXNRFLNBP (L FL)/FLTaRITFL)))
wRilTe (6,7101) TlefD)
T (FLNCPETFL) oGl (UVEPBITRDEYVYI=FLNCOUTRL) ) Gl Ty 242
PCAL=CYLLIRLNCPILTFL)+FUNCULTrL) )/ 200 TV
UCAT=CYLH{ FLonCULIrL) /240 lbicV)
WRITr (647111) »CAT, uLAT
LU Tu 243
2472 X=ri NCP{IFLU)/(UVEHFA TuEVI=rLNCUl]FL))
Y=FLUIR{X)
PCAT=({le/X)»{Y*CaTU+(

3 CATUI+((X=Y) /2, 3% {CATHL=-CATDY ))& x=Y))
UCAT = le/ X )5 (Y*CYL(PLNCULTIFL)/2as 1DV +(x=Y)
1 BCYLI(X=Y)I*FLNCULIFL) /240 100V )

WRKITE (he7111) PCAT uCAI
WRITE (647111) Xo¥
243 BADT=FLRPBITIFL)I®FLBLPICIFL)#rLPUVIELFL I/ L a=ribuvidlerL )
IF(BADTGEelald G TU 244
WRITE (A3 71111 XyY
TO=TU+2 % XN=FLPOVIIFLI%PCATSCATRIR{ L a=FLRPB (IR ) nrisLPr il iri)s
] ELPOVITFL I/ () a=ri PUuv TR 3 1) #UNECXNFFLNCP TR ZFLTNRETFLD)
WRITE (Ae/111) Xo¥
WwRITE (64,7111) Tisiv
GU TO 212
24 12T +XNFFLINTREIFPL 152, %PCAT/R INRITFL)
1 +rLrPPUCTFL ) =1, )2uCald
1 ANRELTNTRUTIFL ) /R I TP )
WRITE (6,7111) Tl.l0
Gl T 212
205 WRITE (6,7111) Tiel02
299 () TU 165
RN E IR RE R UGBS AR RAS R EENBNBUNET R R R AN
U A RER SRR ENG OV ER IR R LB RO BB EUERF RS
RSP E R AR R AR IR BB A PAEUC VT CRASRYFEIRBER
MBI FY RECURUS
REEHEERENEERREC RS G R E R R YRR A EFRIVRF YRR ER
BERER LR ER BB EI R BEIRIRE AN LR RS EES W
300 1+ ((RUNO/2.3. 6T FLRLPTITRL Y)Y GO 10 300
VRITL2%PLBLPTLIFLIZ8UNUY =rLUUK{ 2% FLBLPT IR ) /8bn ) Vainl afte }
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| bt 302
< l:!ll‘-j:l.
) T 404
S0 N2,
0% [ (INgEXND) st I 4o
I (FLamt'rlentale) GuU T 304
41 Ibstpn+nadznnwe (X rLNRP (TR )7L TRETEFL )Y )+
I ComxCatol=tuNnedxnsr nCP{IFL)/FINRETFL)Y ) )
Ao) mNERL IR RGN, 2 . )
I= (rLHPi(Iri et bale) G HLE 305
T {(FnGrarniPi(IrE) ) GU b 306
IR PECIRLY /P =trLUUREFLHLPT TR /ZEN)Y ) ) ek oo ) g 1) 3017
TuzTD+({rLrLri(Ir}/rn+2 0530 0XME{ = PUVILFL) Y)Y Z7 (PP LTERL)
1 ept 4Lt (L)Y )=badEdain
T (enwk o LC )Y 11 i 30
I=To+{rt 8Pl Clr /NI iXNel le=rFLPtiviTrL) ) /Z{rLRPBOTFL ) ®PLALPT(TEL)
1) yxlalo
YT R N EPES SNEY A IS NAVA o8 Wl I RS I N NG
fr ( MighegtiC) Gin 1dy 3949
P+ Xncapmi Wy frt, )=1aln
IR R A
st =i+ 4ex Xuatf{ le=rLruviIr ) )/ rokkB(IFL)*rLRLPTOIFLY ) =1 )% 1ATU0
[ (QiheiNb o LC) (it 1) 30H
ThzFo+{3exXN5{le=FLPUVIIFLI)/Z(F.kERITIFPL)SFLBLPTLIFL) ) =1 )% 1ATD
(50 b1 A0k
43f Al=1e
$le Cm=Af=FL=LPTUIFL)
IFC({Cm/rn)=FLIinik{CWMZFN) )arGae )} f500 T 309
ﬁ'=Al*l-
GO L %16
409 JIC=sCm/rLnt P I{]rL)
niC=CH/rn
IF (FNgtlolFLALPIUTFL)/24)) G TU 310
ID=T+((RIC+2%To=1e )% e/ TIC)HIXNR(e=FLPUVIIFL))/
1 (FLesIr ) 2P PTIIFE Y)Y =1 )51 01U
il {10 Al
Sl D= N+l Z2.3(BIC+TICI*®{1e/1ICI=IXN*(La=FLPUVIIFL))/
| (Fiker{IrL)=rlblPitlre)))=1le)x1nty
411 1F ek JCE) Git J 30K
Ph=th+RICx e /1T {xNE(Le=FLPUVIIFL)
1 ) e RPHITFL)IRFLRLPTLIFL )Y Y I=TATY
(it ) s0M
4008 rns], .
Pz i) eXigs (le=FLPUVIIrL))F{(2.5CelL ]l /FLBLPTITFLY I+ ) 20401
J/7rLRiu{lry)
IF (DdetrDeCC) TU=IDFCEIL L /FLBLPTCIrRrL ) ) %TATORXNS (1 e=rLPUVIIFL))
(AR N I ]
e (UFLRLTCTIFL )=, E{IrFL ) ) eGT o0l ) LU} TU 312
f=tuexinwr LPOVI TR ) %2 4%
1 Crintle/FLBPICIFL))RTAID+XN®=FLPUVIIFL)
] “EATD
iy T 313
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312 TUsTO+XN*FLPUVITFL)*2,2CEIL{1./FLBLPT{IFL) )} ®TATD

313 IF (QULEQaCC) TU=TO+XNRFLPUVITIFL)*Celi (e /FLHALPYILIF 1 )%TATY

399 FK=2.
GO T0.299
304 1F {FLPUVEIFL)WEQLOL) GU Tu 31%

1+ (FLAMUTFPL)JER.IB) G TU 316

TUTO+BATO={ONECXNEFLNBP(TFL)/FLTNR(TIFL) ) )+
1 CATOLI=CUNR(UONE(XN*PLINCPUTFL )}/ RLTNKCIFL) Y

X=FLNCOUIRL Y /DVEPBTURY)

Y=FLOOR({FLNCOUIFLL)ZDVCPAR(TIDEY))

IF (X.GT.le) GU 10 317

TO=TO+ FLOURIFLOURTGIFLIBXNDI®T 1a=1o/FLNCOUIFL) %P,

1 FCYL(UIFUNCOUIFL) /24 )y IDEV)

GO T 318
317 TU=TO+FLUOUR(FLPUVITIFLIZXNI® (lo~1o/FULNCULTIFL )Y =Z,

1 #(Y®CATF+({ CATDL+!'(X=Y)/2.)%(CATN =CATU1} )% (X=Y))
318 TF{UIFLBLPTEIFL) )20l ale) eURG{IIFLBLTUIFL)=FLBEPTIIFL) ) ataT a0l )}
1 G0 T 319
IF (FLPOVIIFL)WGE.U) G TU 320
1D=TP+2,%
1 XN®0,5%FLPOVIIFL)I*2 =TATD
GO T 321 '
320 TD=TD+(2.%XN=-1,)%0.5%1ATD
G TO 321
319 ITF{(FLPOVIIFL)%FLBLPITIFLI¥FLRPBIIFL) Z{la=FLPUVIIFL)I) )ik al,)
1 GU TY 322

TD=TD+XNXELPOVIIFL %G .9xTAI D=2,

G Tu 321 ,‘
322 TO=sTUORANFR{ 1 o~FLPOVIIFL ) )*0,5%TATURZ2 o / (FLREB{IFL)SrLabrT{Ir, )} !
GO Tu 321
316 TU=TO+RATOR{UNE{XNSFLNRPCIEL I /BLINR{TFL I A ‘
1 CONSCATDL®(UNE(XN®FLNCP(IrL)/FLTNROTFL))) !

IF ((XNBFLPOVIIFL ) Gl XNSRFLTNTROIFL)/FLTMROLIELYYY GO oty 324

AC=XN¥*FI_PUV(IFL)

W=(. .

60O TO 324 ’
323 ACSXNRFLINTPUIFLIZFLTNRITFL)

WeXN&EFL POV IFL )=-AC
324 ITFC(FLNCPUIFL) ) oGT{LVCPRIIDEV)=PFILNCULIFL) Y)Y GU Ty 325
TO=TD+ (4 %UONE(AC )~ o }#CYLI(FLNCPLIFLI+FUNCULTIFL )/ 20s LUEV)

GO TO 326
325 Xz (FLNCPEIFLIZLDVEPBITINEVI=FLNCU(TEL)))

Y=FLOOR( FLNCPUIFLIZIOVCEBUTIFL)I=FLNCUCTEFL)Y ) )

TORTHP (A FUNE (Al =14 )R L/ X)X AYRCATESCATUL+((X~Y )} /212 {(CATUL~CATUL )
1 )

326 TO=TO+ Ws {le=1a/FUNCULTIFLIIZCYLIFLNCIHTIFL)Y/20vlDEV N2,

G0 T 318

400 FN=FLOOR(BUNU/2.)

ATEM=XN* FLNCPLIFL)/FLTNREIFL)

WRITE (647111} ATEM

WRITE (6.7111) TH.T0

IF (FN.GTFLBLPTIIFL)) FN=FLBLPT(IrL)

e
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INBURQ=OUALICN/ XN FNRFLRPBETFL )y (XN/FLINR(IFL) )%

1 FLINIRPCTFL)IRFLBLPTUIRL ) /FN)
INHTU=QUALICN/XN.FLRvPI(lkL).(XN/rLTNR(IFL))*FLTNTP(IFL))
WRITE (Ae7111) INRUQ. TNRTQ
F AR LAMUTFLY e IE) G Tu 404

1l In=1Ta+sATOR(CONECXNERFLNRP TR ) /TN TFL ) )

1 +CATUI*((HNt(XN*rLNCP(lrL)IFLTNK(!FL)))

13 +{{ TNBTQ/ATEM ) FCETLUPLINTPUIFLYZ FUNCPLUTIFL)) YY)
WwREITE (647111) T1.TD
Ir (FLPUOVIIFL)GTa06) GU Tu «30

“3]1 ITrF (FLBLPI(TIFL)JLEle) GU TU 404
421 Ir (FNJGEGFLBLPICIFL)) Gu Tu 406
TF COCORLBLPTUIRL)Y/FN)Y=rLUUKR(FLBLPT (TR ) ZFND) )

1 oN'fo”.) GU TU 407
ARLTIE (6.7111) 11TV
IN=TO+((FLBLPTUIFL)/PN+lo )% (XN Le=FLPOVIIFL))/ZLFLRPB(TFL )%

1 FLRLPTIIFL) ) ) +rasTodUL/RILSLPTLIrFL)~-1.,)%TATD
WRITE (6e7111) Tl,eTu
TF (QULRWGCC) Tu=1D+iINBUD*TATL

ai)r PO=TU+(XNRFLPUV TR ) +CN®FLPUVITFL)Y )®TATD

WRITE (6e71101) T14T0
I (0NN CCH TH=TOU+CnxFLPUVTE, )% ATD
it Tt 29y

cUb fuz el 2exXNE{le=rF PUuviiry))

1 e Pr (TPl )®FLRLPTLIFL) ) =1.)

1 +innTu)xTaln
[ (. EeCC)Y T=TU+INBTR®TATD
(aer 1) G)R

@30 {r (FLRPPULTFL) 46T ala) U 1L 442
sxErRPRLIFL ISR n R LU rL ) 2P PUVETFL ) /(L e~ LPUVITFL))

(v vy 444

447 FrR=LJ/FIRPRPOITFL)
43 T=ThH+CaINI*FR&ECu¥FLPUVIIFL)ETNRIO/ATEM /

1 el (r TIRPCTRL), rNCPLTFL ) )

(st} Hiy &34

Q07 A'='l.
Gl Cm=aTxFLALPTLIFRL)
TP CCECm/rn)=rLUOLR(CH/EN) ) oEotle ) 03 T 409

Al=nl+]1,.

L) i) 4l6e .

a9 Ll =Ca/riAaLrillFL)

HiC=Cm/rm
WwRIT: (64/7111) 1ICWHIC
IF (PN GTalFLBLPI(TIFL)I/26)) GU T 410

wWRITE (6,7T11) 114U
bzl 0+ ((RIC+2%TICI¥XN%(La=FLPUVIIFL ) )/ (TICHFLRPR{TFL)®ELBLBT(IFL))

i =l )xTATU+INBURRIATO/HWIC
(1 11 411
410 1U=T0 + UBIC+2%1C=1 ) ®XN#{1le=FLPUVIIFL))
1 JUTICR®FLRPRUTIFL )%
1 FLALPTUIFL) ) =1+ TNKUQR{ 1 o+1e/BIC))%TATLD
WRIT™ (6s7111) T1+TD
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411 IF {(QULEOLCCY TO=TLU+TNBUOSTATD
GO T 408
405 FN=1.
TOUZTUO+XNZ( ) =FLPUVIIFL) )X(CEIL (Y e/FLBLPTLIFL) )+l ) ®*TAT/ P <PR]TFI)
1 + (la=FLPUVLIIFL))*CeIL e /FLALPTLIFL) ) RTATOHTNRIY
WRITE (6,7121) T1,TUL
IF (QUGeNL.CC) TU=TL+ (le=FLPUVIIFL))*CETIL(Lo/rLBPTLIRIL)Y Y =TATU
1 INHUO
TRFE(PLHLTOIFL)=FLBLPTILTIFL) ) GT061) GU T 412
ID=TO+ (XNEFLPOVITIFL)*CEIL {1« /7FLHLPTIIFL) )+ Xnmr Puviiry)
1 +CNSFLPUVEITFL)I®CrTIL Yl ZFLALPTILTIFL) )Y )I=TALD
WRITE (As7111) Tlyei0 '
G T 413
412 TL=
1 TO+{(XN+CN)SFLPOVITrL)I=CEIL (Yo /FLALPTIIFL) )%l
WKITE 1647111) Tls1D
413 1IF (QULFNLCC) TOU=TU+CN¥FLPUVIIFL)®CEIL(Ya/FLBLPTLIFL ) )=TATD
Gl T 299
406 1F (rLPUVIIFL) eEQ0e) GU TL «l>
IF (FLAMUIFL)eEOLIB) GU i) &16
WRITE (647111) TI,4TH
T0=TD+8ATD# (UNE{XNRFLNSBPLTFL)/RLTNRTITFL) ) )+
1 CATOL=*(ONEIXN2rLNCPUTIFL)/FLINKRCTIFC)))
X=riwCOCIFL)/ZDVCPRITUERY)
Y=sFLUOR(FLNCU(TFLY/UVEPSs(TUEV))
IF (XaGeTale} G TU 41/
TOZTU+EXNFCNIBFLPUVITFLY# (L e=1o /PLNCULTFL) ) YLLFLNCUlTFLY /240 10V
WRIIE (Ae7ill) Tlelvu
1) 1) 418
17 T0=TO+(XN+CN)I=FLPOVITPLI#*(lea=1o/FINCUlTFL))®(]a/X)
1 #(y=#Calo+( ’
1 CATUL+(X=Y )~ {CaATL=CaTD1) /2 )% {X=Y))
41y JF (FPLBLPTITIFL)GTele) G 11U 202
IF(FLBLPT(IFL)eERele) GU U 450
451 IF (FLPOVIIFL)«GT 0.5 GU T 440
TU=TD+2 % ( XN+CN)®FL_PUVIIFL)I*0.9*TATY)
wikllE (6,7111) Tl1.00
GO TH 431
450 I1- (FLRPBIIFL).tale) GU Ju 202
GU Th 451
460 TU=STU+IXN+CN=1 )09 TATD*7,
Gt 11y 43)
419 IF ({(FLPUVIIFL)I®ELHBLPT(IFL)®*FrLRPBIIFL) /() a=FLPIVIIFL)}) ) oictala)
1 GO Ty 641
1U=1U+XN*FLPUV(lFL)*U.:*lAlU+CN*ﬁLPUV(IFL)*O.D*IA!U
WRITE (647111) Tlelb

GU TY «31
441 TUSTOFXNF(]l.=FLPUVIIFL) I®0eS*TATO/(FLRPBIIFL)®FLRLPTI(TIFL))

1 +TNBTOZ0o%TATUX( ] /FLHLPT(LIFL))
Gty 10 431
416 TOETO+BATDH(UNRIXNSFLNSPLTIFLI/ZFLINRITEL)))
IF (FINCPUIFL)GTotDVCPBLIUEV)I=FLNCULTIFLY)) GU L1 442
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PCal=CYLUrLNGP I Y4rnCUlTrL))/2es LUEVY)
tCal=Cvy'( FINCULTrL) /2eyilirrV)
wKlile (6 /111) PCAT,HLICAT
ot F) e 4

aaz X=rLNCPUIRLY/Z(OVCPR eV ) =riaCULl TrL ))
Yzri ik (X))
W lir (6111} XoY
PCATS(le/ Xt YRCal+ |

l Lalpl+{{X=Y)}/2.)%{CATOL-CAIDL))%{(X=Y))
AT = e/ X )oY OV (R NCU(Ir, )/ 2eq 110V) +{X=-Y)
! SCYLLLX=Y)wrt dCUllrL)FA2as V) )

wiiler (A 7111 2ot eudal .
o s sapt=r ke {FL )3 =i nPEOIrL )L POVILTERL)YZ Ll o=FLPUVLIFL))
lF(nAdlqtbeleld it TH 44a
wrklie (6,7111) Lletu
Tt Z2ex(xmn+Cn) a2t PUVELFL)#RPCAT+CATDLI=(UNEXNSEFLNGPETEL )/

1 FLEMRUEFL) Yl la=FL<rs( [FL)SFLaLPILTIFL ) SFLPOVILEL) /
L (le=rLet VIR ) ) )+ imBuds I EN/UNELRLBLRE(TIFL) ) 2245 (1 o/
l (ovirl Tovi=i.))1)

wet b b (b £YLL)Y Thels,
O IR 2 R
Lot s tor (XN exr  InTr(Tr  JZ7r TNROTIFIL) )+ TNATO®
1 (FNZUNECELSL T 0Ir ) ) ) %CAT+((FLRPPULTFL)I=1,)
i o SR I ER R O N WA I YL i WY
1 SCNFFLPOVITIRL )%l a=1lo/rRPPHLTFL) )Y *UCAI
1 +{ONSFLPUVI = )52 xPCAT/ZRLRPPUCTFL YY)
wr ik (be7111) 114700
(st tet &1 A
e vwxlir (He7111) 1le 1o
TP trt v {IrL)ecilalle) Gty {13 30)
a1 e (6y91721)
vlZl FiRsALT(LXg1IHLD)
Ir (FLAM{IFL) e iHuUKkaFLAMTTIFL ) EQL.TE) GU T1) 30
WK PT= (Ae9122)
Y1727 PURSAT (I X, 1HZ)
I"""_"\o"‘(l"'_’c"”olc”’ (U ]U 4
wLRIIE (64912723)
G174 Fh=mAL (I X, IH3)
Tir = 1i) + a0+ ({FLRPPULTFL)=1e )3 (le=1o/FLNBOICIFL)))
40 l"'((rLM[(l"L’otUoM).”‘(o(f‘LMI(lFL’.t‘J.MC)) G g léeh
mlir (Ay9]124)
G126 FrHKFDATILI Xy 1Ha)
Ir (FLATTIFL Y EOLCC)Y ) 10 167
wk [Tk (hy9l25)

w29 rFuren T (1L Xy LHY)
FE=(imbE(rLINTICI L) /2 )+ )} *TATI+UNECFLTINCI(FIIL ) /724 )%2AT1 ]

1 + lebvxTAlD +Call+CATL
[RYE] r'_’ th
LAr Tl=la9%TAaty +CAatTD

ik T p6n
L6h TF (FLmI{TIFL)EDWC) GU TU 169
WRITE (649126)
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9126

169
168

9lz1?

2001
1114
50

FURMAT (1Xy1H6)

If (BUsEDLM])

G0 TU 16y

Tl=(l.¢(1.~l-/FLTNCl(lrL)))*CATIN#Z*TATI+].D*1ATU +Caly

GU TU 16K

TI=CATI+1.5%TAVI+) uxlaly

WRITE (647111

) TIs 10

GISAm= T + 7]
FRFOPRINTSED.NUY 6O T 1) s
WRITE (649127)

FURMAT (1Xx,1H7)
WRITE(UT42001) Q1SAm

FORMAT (30X,
CUNT INyE
RETURN

END

E20.8/77)

+CATD
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A DATA MANAGEMENT SYSTEM MODEL

by

P. J. Owens
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ABSTRACT: The advent of modern data management systems has raised the need for
models of such systems, and for computer programs which embody these models for
simulation purposes. Typically, transactions on such systems result in complex
patterns of accesses to direct access storage devices. These access patterns
are dependent on several characteristics of the data management system, among
which are:

(1) The contents of the data base;

{(2) The organization and accessibility;

(3) The nature of the request.

Furthermore, once the sequence of requests is determined , the efficiency of the
system in satisfying these requests is most dependent (or potentially so) on the
hardware configuration itself. Hence, it is desirable to develop models which
reflect these dependencies. We think we have taken a step in that direction,




[. INTRODUCTION

The advent of modern data management systems has raised the need for models of
-3 such systems, and for computer programs which embody these models for simulation
: purposes. Typically, transactions on such systems result in complex patterns of
accesses to direct access storage devices. These access patlerns are dependent

on several characteristics of the data management system, among which are:

(1) The contents of the data base;

(2) The organization and accessibility;

(3) The nawure of the requesrt.
Furthermore, once the sequence of requests is determined, the =fficiency of the
system in satisfying these requests is most dependent (or potentially so) on the
hardware configuration itself. Hence, it is desirable to develop models which
reflect these dependencies. We think we have taken a step in that direction.

- The purpose of this section is to describe PHASE 11, a model of data management
systems vhich has been implemented as a set of computer programs. Some of the
ideas for PHASE Il evolved from experiences related to the development of an
earlier model, FOREM I, described in (1). The implementation of FOREM 1,
which used analytic techniques and was very fast, was found, on the other hand,
to be deficient in several respects:

(1} Some configurations of data, hardware, and access methods defied analvsis;

{2) The introduction of a new parameter increased the complexity of the resuit-
ing analysis manyfold;

(3) The amalytic programs were difficult to debug and verify;

(4) 1t was impossible to simulate simultaneous 1/0 operations.
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Therefore, we decided that a program more closely mirroring activity on computer
systems in general, and data management systems in particular, should be developed,
with the effect of sacrificing run time efficiency for flexibility, generality,

and ease of development, modification, and generalization. Inscfar as the FOREM |

programs are valid, however, they can be adapted for use in the PHASE II system.

Progi m specifications and design are not stressed in this paper because they are
not complete or general and might tend to obscure the model itself. Specifications
of how to use the modeling programs and details of program design can be found in
section 6 (the Phase II User Guide).

OBJECTIVES OF THE MODELING EFFORT
The PHASE 11 modeling program was designed with several objectives in mind:

(1) To provide a means whereby data bases with known characteristics and trans-
action sets and/or file activity profiles can be run against variations in
hardware configuration, physical arrangement of data on devices, data set

organization, and accessing strategy.

(2) To provide a means whereby general studies can be made for issuing guide-
lines and trade-off curves for data base and retrieval system design; to
search out relationships between the characteristics of a data management
systems environment; and to identify the most important characteristics of
a given subset of characteristics, that is, those to which the performance
of the system is most sensitive,

(3) To provide diagnosis of and possible improvements toc existing systems by
examining resource utilization statistics for I/0 bottlenecks.

(4) To allow a modeler desiring to do (1), (2) or (3) to characterize a data
management system environment at the required level of detail for those
aspects of the system under scrutiny. The modeler will, in turn, be
furnished by the modeling programs with the required statistics for evalu-
ating the simulated system.
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111.

MODELING DATA MANAGEMENT SYSTEMS

It is useful to think about a model of a system in terms of two major aspects
of the model:

(A) The static model, which is a description of the logical and physical
configurations of the elements involved, and a stimulus to he applied to

the mndel.

(B) The dynamic model, which is a description of how the configuration changes

when a given stimulus is applied, and how long it takes.
These two submodels have direct analogues in the programs that implement the
model, typically assuming the form of program tables to implement the static

model, and executable program statements to implement the dynamic model.

For data management svstems, the static model can be thought of as having four
major submodels:

(1) Logical description of the data;

(2) Hardware configuration;

(3) The mapping of the data base onto hardware devices;

(4) A description of the transaction to be performed.
The dynamic model has three major submodels:

{3) 1Identification of those data elements which need to be accessed to
complete the transaction;

{6) Locating those elements on the hardware devices;
{(7) Accessing them in the desired order,
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There exist simple, general models of (1) and (2)., However, (3) is difficult
to characterize at once succinctly and with geherality; as many schemes for
providing a data-device map exist as there are data mandgement systems. Now,
(4) depends on (1), (5) depends on (4), (6) Jepends on {5) and (3), and (7}
depends on (4).

Because of these complex interdependencies, und an inability to characterize
succinctly some of the submodels, two restrictions have been placed on the kind

ot system to be described by the PHASE Il model:
(1) The data must be describable in terms of a hierarchical structure;

(2) The data must be conventionally stcred; that is, related fields are stored
together in "records," and all records of the same type arc, in some sense,

stored together,

These restrictions are somewhat vaguely stated here with the intent of conveying
the modest design objectives of the model. Their exact meaning is specified in

the sections to follow, which define the model in more precise detail.

A subset of this model may, of course, be used to model systems which do not 'fit"”
the PHASE Il model, but at a level more primitive than that implied by the above
discussjon. For example, if a transaction set for a system can be characterized
by a sequence of accesses to well-defined locations on the hardware deviées, thus
bypassing the logical data description and data-device map, the above restric-
tions would not affect the applicability of this model to the system,

IV, THE PHASE Il MODEL

The PHASE 1! model allows one to characterize and simulate a data management system
with respect to eight aspects of such a system:

(1) Data field contents;
(2) Logigal structure of the data;
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(3) Physical organization of the data;
{4) QData selection criteria;

(5) Datu accessing methods;

(6) Accessing strategy;

(7) Hardware;

(§8) 1/0 supervisor.

In the following eight sections, we will discuss each of these aspects and indicate

how they are characterized.

1. Data Field Contents

A data field is usually thought of as an item of information about a particuiar
entity,; for example, a person's name, a company's assets, etc. A data field's
contents can be characterized in the form of a density distribution of its
values over all occurrences of the field in the data base. Any given value that
the field can take on is assumed to be uniformly distributed throughout all
occurrences of the field. The one exception to this is for a ‘'sort" field, in
which case the order in which the values arc presented in the distribution is

the order in which they will appear in the data set (to be defined later) con-
taining the field.

Fields are assumed to be statistically independent of each other and of other
system parameters (except for sort fields), hence, data bases involving fields
with significant correlational effects will require careful treatment, perhaps

in some cases by lumping correlated fields together and treatinz them as a
single field,.

2. Logical Structure of the Data

The logical structure of a data base imposes a relational structure on the fields

vVi-7
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of the Jata base, and can be thoupht of as a "user's view' ot the data buase, as
opposed to the “system programmer's view' of the dita hase,  Such u structure
has an existence independent ot any associations of the data with a specitic
data management svstem used to store and access the Jdata. s wds stated
previously, we contine ourselves to hierarchical dats structures described as

follows:

Diata fields are orpanized into groups of related llelds, or Msegments.' \ sep-
ment may have sets of inferior segments related to it, thus inducing 4 segment

hierarchy, or tree structure, on the data.

For example, a personnel file may contain information having the structure
depicted in Figure 1. This structure consists of two hierarchical levels.
level ( contains nonrepeating information about an employee, and level 1 contiins

two types of segments with recurrent information; namely, a list of positions

kmplovee segment . . - N !
?le@el o gr master) Aﬁ,fwfﬁﬁﬂ;_wm“ﬂLQ“W_EUHﬁu&JW,”:,.‘, ADDRESS  _ ]
.  DATE TITLE © DEPT SALARY ;
Job history segments b + - 1
{level 1) DATE | TITLE ! DEPT SALARY )
.
.
.
e T i T
[ DATE TITLE : DEPT ’ SALARY B

Publications segments [ DATE PUBLICATION | e |
(level 1) | DATE PUBLICATION TITLE |

DATE | PUBLICATION TITLE |

FIGURE 1

Hierarchical Data Structure
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the employce has held with the company, and a list of his publications. The
lutter two will, of course, occur different numbers of times for different

cmployees.,

A general structure of this type will allow subordination to any level, and as
many different segment tvpes at each level as the application requires. The
one restriction is that a strict tree structure must be maintained, that is, a
segment type may occur at only one level. A given instance of such a structure
{in this example, all the information about a particular employee) is called

a '"logical record," and the collection of all such records (the personnel file)

is called a "logical file." The data base may contain several logical files.

3. Physical Organization of the Data

The physical organization of the data is a specification of how the logical files
are to be stored on physical devices, This logical-to-phvsical mapping is carried

out in three steps:

{a) Partitioning of logical records into "logical subrecords" to

form 'data sets.'"

(b) Assignment of each data set to one or more 'elementary files',

(c) Partitioning of elementary files into "extents' on hardware devices.

In the first step, each segment type (that is, all of its occurrences) is
assigned to a unique data set, which is defined as a collection of records
numbered from 1 tc N, Figure 2 demonstrates such a partitioning for the
personnel file example cited in the previous section. The "employee segment”
and associated "job history: segments are assigned to data set 1, on a one

record per employee basis, as illustrated in Figure 3. All "publication"

segmenc¢s are assigned to data set 2 on a one record per publication basis.




EMPLOYEE [ } j

! ! 1 ' ]
, ! , ,
’ ‘ | e
JUB HISTORY | 1 o SUBKECORD |
[ T R
.
e
]
I R
PUBLICATIONS - e §
[ ; !
O e -k

SUBRECORD 2

I S T

FIGURE 2

Partitioning of Logical Records into Logical Subrecords
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DATA SET 1

EIRLOYEE )

Job
History

$ kecord |

Ceplover 2 ]

e T i 1

, . . . § Record 2
History |

i
1 et o T Tt . e o

DATA SET 2

L/PUBLICATxux ! P ODATA SET RECORD 1

i

_—

pOPUBLICATION 2 DATA SET RECORD 2
; ety - etc.

|— I ———

i ;

aes

|
|
i ;
' i
i
|
|
l

FIGURE 3

Assignment of Logical Subrecords toc Data Set Records
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lhere are two restrictions on the way in which the above partitioning can be

carried out:

(1) If two segment tvpes have been assigned to a data set, thev must have

a2 common ancestor which is ulso assigned to the data ser.

If two segments which are lineally related are assigned to the sume data

~~~
rJ
-

set, segment types occurring between them in the segment hierarchy must

also be assigned to that data set.

The serialization of the records of a data set constitutes an important inter-
face between the data accessing methods and the data accessing strategy in that
the record number is the primary means of referring to information for retrieval.
The serial number also provides the ordering which forms the basis for the

notion of sort’ fieid.

At this point, we sti]l are dealing with abstract, or logical entities, namely
logical records, logical subrecords, aata sets, and records. A data set is
mapped onto physical devices by means of building blocks called "elementary
files." How many elementary files are needed to represent a data set, and what
their contents are, depends on how the data in that data set is to be accessed.
For instance, if the records of a data set are stored and accessed sequentially,
only one elementary file is required. On the other hand, if the records are

to be accessed "randomly' by means of indexes, the data itself, the indexes, and

other auxiliary files would each constitute an elementary file.

By definition, an elementary file is a collection of information recorded on

storage devices, with the following properties:
(1) It may reside on one or more devices of the same type (that is, having the
same physical characteristics), and occupy different numbers of cylinders

on each device.

(2) It occupies the same number of tracks on each cylinder, except possibly
the last cylinder occupied by the file,
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(3) Physical recard format (that is, record size and blocking characteristics)

is the same throughout the file,

Each elementary file is, in turn, partitioned into "extents' and so mapped onto
physical devices. LFEach extent is characterized by naming the device on which
the extent resides, the first cvlinder to be occupied, and the number of con-

secutive cylinders occupied.

The elementary file characterization is the main instrument used in locating a

given record of a data set (and auxiliary information, such as index records).

4. Data Selection Criteria

Data selection uriteria are roughly equivalent to what are commonly referred to
as "queries,' in the sense that a query usually specifies a set of characteris-
ties which a logical record (or subrecord) must satisfy in order for it to

qualify for retrieval or further action,

For example, (going back to the personnel file example) one may wish to retrieve
personnel records of all persons who have taken positions in Dept. 25 since 1965.
We shall assume that there are, on the average, three job history segments per
master segment, that 50% of them have dates later than 1965, and that 20% of

them have DEPT = 25. (The above information would be available from the field
and logical structure specifications.} Assuming field independence, 10% of

the job history segments fully qualify. Further assuming that the segments

that thus qualify are uniformly distributed throughout the file, the fraction

of people qualifying (that is, those with one or more qualifying job history

segments) is:
1 - (fraction of records with no qualifying job history segments)

{probability that a job segment does not qualif_v)3

H]
—
L]
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This kind of calculation can be extended to hierarchies of arbitrary depth and
complexity; however, the modeler should give caretul consideration to the

assumptions involved.

A hierarchical model of a data structure introduces a semantic problem into the
query specification in that, to aveid ambiguity, « more complicated selection
specification is required than would be required for nonhierarchical data. This

can best be demonstrated by an example.

Consider a hierarchy consisting of two segment types: superior segment A and
inferior segment B. Each B segment huas fields x and v. Such u hierarchy is
depicted in Figure 4,

Al R
y
X vV
B X ; %
(a)
12
e { —
(®) | ;
S L
! 1 2
L k 5
(c) |
e ——
A S A
A T S
FIGURE 4

A Logical Data Structure and Specific¢ Instances
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Consider alse specific instances of this structure {(a), (b} and fcj; also

depicted in Figire 4, and the following query:
"tind all segments A such that x = | and v = 2.

This query, s it stands, might have several interpretations, as supplied by the
following appendages to the query:

(1) *"co-occurring in a subordinate segment B at least once."
(2) "unywhere, not necessarily co-occurring."
(3) "for all B segments inferior to A."

Uf the specific instances (a), (b) and (c¢), the qualifyving instances for the
three interpretations are:

1. (a) and (b)
2. (a}, (b), and (¢) ;
3. (a) .
Therefore, it is clear that what is needed is a more powerful characterization
of a query (or qualificarion specification) than can be supplied by a simple

Boolean expression, Such a characterization can take the form of a statement
with the following form:

“"SEG qualifies by criterion LBL if it has QUANT related ELEMENTs
that satisfy QUAL™

where the capitalized elements are defined as follows:

LBL - an arbitrarily assigned qualification name or label




SEG - name of a segment

ELEMENT - a field or segment. An element is 'related" to SEG if it
is SEG itself, a descendent segment of SEG, an ancestor

segment of SEG, or a field in anv of these segments,

QUANT - a quantifier on ELEMENT

QUAL - a qualification criterion on ELEMENT. [f ELEMENT is a field
neme, QUAL will specity a subset of the range of the field.
If ELBMENT is a segment name, QUAL will be a reference to a
qualification label of a qualification statement on that

segment, or some Boolean combination thereof.

LBL SEG QUANT ELEMENT QUAL

Q B X =1

R B Y = 2

S A any X =1

T A any y =2

U A any B Q and R
% A any A Sand T
W A all B Q and R

FIGURE 5

Resolution of the Ambiguity Problem

In Figure 5, queries (1), (2), and (3) have been expressed unambiguously by

qualification statements U, V, and W, respectively.

Following are some examples of how the statements in Figure S are interpreted:

Q: "A B segment qualifies by criterion Q if its x field equals 1."
(The quantifier is not necessary, since each B segment has exactly

one x field.)
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U: "An A scgment qualifies by criterion U if any of its B segments are

qualified by both criteria Q and R."

K: "An A segment qualifies by criterion W if all of its B segments are
qualified by both criteria Q and R,"

A transaction set on a particular data base may consist of many thousands of
queries and updates. Such a set can be characterized by partitioning the
transactions into subsets of transactions whose form is the same within subsets,
but whose field value qualifiers change from transaction to transaction. llence,
in addition to the form of the query, the modeler would need to supply for

each queried field a distribution from which field values to be queried on are
to be selected. This again makes certain assumptions about statistical inde-
pendence which may or may notr be well-founded in specific instances. Once the
characterization of the transaction sets is made, field values can be selected
at random from the distributions, the transaction so defined can be simulated,

and this process can be repeated as many times as is required by the modeler.
Each qualification statement defines a list of qualifying records of the data
set in which the qualified segment appears. How this list is used in character-

izing the accessing of records is described in the next two sections.

S. Data Accessing Methods

Once the modeler has defined the elementary files of a data set, he then needs
to specify how a given record is to be accessed in response to a request. That
is, he must specify the sequence of accesses to the elementary files of the
data set which ultimately result in the retrieval of a requested record. Of
course, this dynamic aspect of the retrieval process is intimately tied to the
meaning of the elementary files which constitute the data set; in fact, it
supplies ti ¢ meaning.

Each data accessing method represents a different way of retrieving records from

data sets, Some of the more common techniques are:




(1) Sequential access: This method consists of sequentially leafing through a
data set, record by record, until the requested record is reached. Sequential
access is very efficient if one wishes to access all the records of a data
set in the order in which they are stored., It allows anticipatory reading
and buffering, so that the regucstor may not huve to wait tor 1/0 to take

pluce before he can process the next record.

(2) Indexed access: This method involves first referencing an index, which
can give either the approximate location of the desired record, to which
the user must go and search sequentially until he finds it; or the location
of a lower level index, which, in turn, specifies either the above mentioned,

or another level of index.

(3) Direct access: This method allows the user to go directly to the record

desired in that the record is requested by location rather than by name.

Each of these methods has many variations, each of which can result in drastic
variations in operating characteristics; thus, it is almost impossible to
provide a brief characterization of an accessing method. It cam, however, be
characterized by a computer program which simulates the operation of such a
method. Hopefully, the interfaces between such a program and the simulation
system environment with which it interacts can be straightforward and simple,
so that a modeler wishing to simulate his own accessing technique (and familiar
with the language in which the model is implemented) would need only a minimal

amount of instruction,
In the present model, programs are provided to simulate well known accessiag
methods such as the IBM 0S/360 Sequential Access and Indexed Sequential Access

methods .

6. Accessing Strategy

Let us review the picture of the model that has been presented so far. We have
described the logical description of the data, and its physical realization in
the form of data sets. The data accessing methods provide us with a way of

accessing a single record from a data set. The qualification specifications
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supply us with lists of records which need to be access~! to fulfill requests
fur information from the system. The final step is to provide & way of describ-
ing the order in which the records on the lists are 1o be accessed; that is, a
description of the interrelation of data sets and data set accesses in ful-
filling a query. This description is analogous to the lower level description
cf an accessing method, which describes the interrelationships of the elementary

files of a data set in fulfilling a request for a single record of the data set.
In general, the uccessing strategy specification aliows the modeler to describe:
(1) Lists of records to be accessed from the data sets involved.

(2) The accessing method to be used in accessing a given set of records from

a data set.
(3) The order in which the accesses arc to occur.

For example, a modeler may wish tc read records 1, 3, 5, ... from sequential duta
set A, records 200, 400, 500, ... from indexed data set B, and merge these
records onto sequential data set C. This example uses all of the abcve three
elements: the lists (1, 3, 5, ... and 200, 400, 600, ...}, the accessing

methods (sequential and indexed), and the ordering (read from A, write tc C,

read from B, write to C, ,..).

Three basic specifications are used to characterize such strategies (in the

form of a simple procedural language):

(1) The LIST specification, which defines a set of records to be accessed. Suca
a list can be a literal list of record numbers, a sequential or skip
sequential list, a random list taken from a given distribution, or a
random or sequential list of records which qualify on the basis of a
qualification specification. This last mentioned option provides the

only link between the qualification specification and the accessing strategy,

(2) The ACCESS OP specification, which identifies the accessing method to be

used, the data set to be accessed, and the record to be accessed. The
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last of these is obtained from a specified list, and removed from the list,
so that on the next execution of the statement, the "next" record on the

list will be accessed from the data set.

(3) The SYNC specification, which allows one to specify a random interleaving
of operations on two or more data sets. Such a specification is necessary
to describe merge-type operations,

-

7. Hardware

A simple hardware configuration is assumed tor the purposes of this model, as

depicted in Figure 6, namely: one CPU with one or more channels, each having

one or more control units, each of which has cne or more devices attached.

The modeler may specify that a control unit is switchable between two or more

channels. In such a case, a control unit may be logically attached to at mous.

one channel at any given moment, and will remain attached to that channel until

the "current" request is satisfied.

The above summarizes the topology of the hardware elements. Each device (e.g.,
a disk drive, drum, etc.) in turn is characterized by assigning it to a device
class, all of which have the same physical characteristics; for example, all

2311 disk drives form a device class.

Direct access devices are characterized by such parameters as rotational period,
number of tracks per cylinder, cylinder access time (which may be a function of
two variable: current cylinder and sought cylinder), maximum record size, gap

factors, and so on.

8. Input/Output Supexvisor

The function of the I/0 supervisor is to accept requests, marshal them through
various queues, and see them through the completion. This componcnt of the
model (like the accessing methods) 1s characterized by a program, which, usually,

is called upon by an accessing method, and, in turn, interfaces with the hard-

ware in its current state.

VI-20




[opcl; daempareyy

9 A

\V'1-21

[ S ——
. _ STEINN VD

AR

49

SO




The 1/0 supervisor is implemented as a very simple event-driven queueing model,
in which the stations are devices, channels, and the CPU, and the events are
begin and end seek, begin and end transmit, and begin and end CPU processing.

It essentially assumes all the functions of an operating system (other than data
mianagement); hence, the name is something of a misnomer. However, |/0 cvents

are assumed to be the predominant concern of this model.

Briefly (see Figure 7), an [/0 request to the [/0 supervisor is specified in the
torm "request I/0 from device N1, cvlinder N2, track location X!, transmit time
X2, operation type X3 (read, write, ctc.)." This request is placed on a scek
queue for the requested device, and when channel, control unit, and device are
free, the seek is initiated, thus tying up the device. At end-of-seek, the
request is placed in a transmit queue for the appropriate channel, und when
channel and control units are free, and the requested truack position comes under
the head, transmission takes place. This operation ties up device, control unit,
and channel. Ffinallv, the requesting program is signalled that its request

has been satisfied. The I/0 supervisor maintains current hardware status (arm

position, channel busy, etc.) and advances the clock.

An accessing method may also issue a WAIT for a particular request, and it may
issue a PROCESS for a given time T, which is effectively a guarantee that the

program will issue no more requests during time T.

This model allows the modeler to simulate the effects of device and channel
separation on data sets simultaneously being accessed. If such detail is not
required, simpler [/0 supervisor programs can be substituted, or in fact, it
may simply be ignored by accessing modules which compute their own timing

characteristics.

CONCLUSION

We have attempted in this section to describe a model of a certain type of data
management system. The restrictions placed on the type of system which "fits"
the model are sufficiently severe to make the resulting model relatively simple

(that is, relative to a full-blown model), yet general enough to model a wide

range of possible systems.
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Furthermore, we believe that the Jdesign of model and programs will allow future
generalizations to areas not touched, and that the modeling cftfort will Jevelop

ways of thinking about such svstems which will lead to more general models.
Vi A NOYTE ON THE IHPLEMENTATION OF PHASE 11

Presently, the model exists as a program at one of its specitfied levels of
“completion.” Elements of all the above described aspects huve been included
at this point. The program consists of about 8,000 lines of FORTRAN code, and

occupies a load module of 215K bytes, including tables.

The speed at which the modelinp program operates is roughly proportional to
the number of accesses it is required to simulate, with a rule of thumb being
500 microseconds (on the mod 91) per hardware access sim lated. The ouiput of
the model currently consists of timings of interest to the modeler. Future
levels of the model envision a statistics gathering capability which will (at
the user's option) gather information on walt times, queug lengths, hardware

activity, and so on.

VIL. DOCUMENTATION AND DELIVERY CF THE PHASE I[ SYSTEM

The documentation for the Phase Il system consists of this section and sectinn ¢

(the Phase i1 User Guide). The system itself will be delivered on a magnetic

tape containing six files whose contents are described in section tl of the

User Guide. They contain, among other things, source and object mo. 'les of thg
- system, amnd the User Guide. Accompanying the distribution tape is a computer
output listing which gives example 0:/360 Jobti Control Languagc for 1nsta111ng
“and maintaining the system. The JCL as distributed will probably need to bc'

modified somewhat to conform to installation conventious.
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INTRODUCTICN TO PHASE 11

THE PHASE 1l DATA MANAGEMENT SIMULATION SYSTEM 1S AN ATTEMPT TO
PROVIDE A SIMULATION MODEL OrF COMPUYER SYSTEMS WHICH ARE DATABASF
ORIENTED, 1/0 BOUNC, AND WHOSE SIGNIFICANT EVENTS OCCUR ON A
MILLISECOND TIME SCALE. IT IS ORIENTED TOWARD DATABASES wHICH
REPRESENT HIERARCHICALLY ORGANIZED DATA STORFD IN A MDORE-DR-LESS
CONVENTIONAL FASHICN CN UIRECT ACCESS DEVICFS.

nE ASSUME A SINGLE~CPU CONFIGURATION wi1TH A SINGLE-TASKING
OPERATING SYSTEM IN A BATCH ENVIRONMENT,

BRIEFLYe PHASE Il ALLOWS A USER TO SPECIFY A HARJOWARF CONFIG-
URATION, A DATABASE OJESCRIPTION, A MAPPING OF THE DATABASE CNTO
THE HAROWARE DEVICES, A SET CF DNATA QUALIFICATICN CRITERIA, AND
A PRUCEDURE FOR CARRYING OUT THE DATABASE TRANSACTIONS, CONCGM-
ITANT FACILITIES, SUCH AS TABLES, OISTRIBUTIONS, AND LISTS, ARE
ALSC PROVIDED.

THE PRINCIPAL QUTPUTS GF YTHF MODEL ARE TIMINGS OF THF PROCESSFS
OF INTEREST TO THE MODELER. FUTURE VERSIONS OF THF MODEL wWILL
ALSC PROVIDE SUMMARIES UF VARIOUS CTHER STATISTICS TO RE GATHFRED
BY THE MODELy SUCH AS CHANNEL UTILIZATION, AVERAGF WAIT TIMES,
AND SC ON.

IT IS SUGGFSTED THAT ONE NOT FAMILTIAR WITH THE MODEL FIRST TURN
HIS ATTENTION TO SECTICN 4, WHICH AY THE USF 0OF SIMPLE BUT
INCREASINGLY COMPLEX EXAMPLES CONVEYS THE FLAVQOR OF THFE MODEL,
THESE EXAMPLES SHGULD BRE STUDIED IN CONJUNCTION WITH THE
APPROPRIATE TABLE DESCRIPTIOAS IN SECTION 3, WHICH ALSO sSuppLY
DETAILED SPECIFICATIONS FOR REFERENCF PURPOSES.

A MUORE COMPLETE TREATMENT OF THE MCDEL ON WHICH PHASL T1 IS BASED
IS GIVEN IN “PHASE [I - A DATA MANAGEMENT SYSTEM MODEL®, BY THE
AUTHOR, AND IS A CUMPANION DOCUMENT TC THIS ONE.




CCNTYR{IL  CARDS

A MIDEL SPECIFICATION CUNSISTS NF ®CONTROL CARDS" AND ®INPUT TARLE
CARDS". TH'S SECTICN DEFINES THE TYPES AND MEANINGS OF THE CONTROL
CARDS.

EACH COUNTROL CARC INDICATES TO THE SYSTEM A TYPE OF PROCFSSING
TC 2F PERFORMEN; FCR EXAMPLE, READ HARNWARE TABLES, EXECUTE PRO-
CEDUREy AND SU ON. IN ANY RUN, ONLY ONE OCCURRENCE OF CONTRMOL
CAKDS 1-11 MAY APPLAR, WITH THE EXCFPTION OF "PROCEDURE®" AND
"EXECUTE", wHICH MAY B8F RE-SPFCIFICD TN PERMIT EXECUTION OF
SCVERAL PROCEDURES IN ONF RUN,

INPUT TABLES MAY Bf SPECIFIED IN ANY CRDER.

CUNTRGL CARDS HAVE THE FOLLOWING FORMAT:

cCL 1 15 20 2%
*KEYWURD P N
wHERE :
KEYWORO SPECTFIFS THE TYPE OF PRUCESSING.

WHEN KEYWOGRI SPECIFIES THAT A TABLE IS TG BE
REAC IN, P AND N ARF INTERPRETED AS FULLOWS:

P =BLANK -  PRINT TABLE AS READ IN ON STANDARD
oUTPUT
=NUN=BLANK -~ DO NOT PRINT
N FORTRAN LUGICAL FILE FROM WHICH THFE TABLE IS

10 BE READ. IF BLANK OR ZERC, STANDARD INPUT
IS ASSUMEDs IN wHICH CASF THE APPROPRIATE
INPUT TABLF CARDS IMMEDIATELY FOLLOW THF
CUNTROL CARD IN THE INPUT STREAM,
THE FOLLOWING COCNTROL CARDS ARF CEFINED:
1. *HARDWARE
HEAD HARCWARE CONFIGURATINONS ANN PHYSICAL CHARACTERISTICS
2. *DEVICE CLASS
READ PARAMETERS DEFINING DEVICE CLASSES. FOUR DEVICE CLASSES
ARE BUILT INTO THE SYSTEM, AND MAY BE REFERREN TN 9Y NAME:
23144232142311,23C2.
3. *UDATASETS

READ DATASET CONFIGURATIONS AND PARAMETERS
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4. *SEGMENTS

READ SEGMENT CUNFIGURATIUNS AND PARAMFETERS
“e *QUALIFICATION

READ QUALIFICATION SPECIFICATICNS
6+ *PROCEDURF

READ PRCCEODURE
T *LISTS

REAC LIST SPECIFICATIUNS
8« *DISTRIBUTICNS

REAC DISTKIBUTICN SPECIFICATILNS
S. *#TABLES

READ TABLE SPECIFICATIUNS
1C. *FXECUTE

EXECUTE PKOCEDURE. [F NO PRCCEDURE IS ODFFINFD, THE PRCOGRAM wWILL
BRANCH TO SUBROUTINE "ALTPR", TO BE SUPPLIFD 3Y THE LSFR,

11. *END
ENC OF PROCESSING

THE FOLLOWING THREE CUNTROL CARDS ARE FOR USE AS JEBUGGING A1DS,
BUT ARE [NCLUDEC FQOR THE SAKE OF COMPLETENESS:

12. *PRINT
PRINT FACH TABLE AFTER IT IS INPUT AND AFTER IT IS INTERPRETE.
SUCCEEDING CCCURRENCES OF THIS CARD WILL ALTFRNAYELY TERMINATE
AND RE-INITLIATE SUCH PRINTING,

13, *DUMP
DUMP EACH TABLE AFTER IT IS INPUT AND AFTFR IT IS INTERPRETFOD.
SUCCEEDING OLCURRENCES OF THIS CARU wWILL ALTERNATELY TERMINATE
AND RE-INITIAYE SUCKF DUMPING.

14. *TRACE

TRACE ROUTINES AS SPECIFTED 3Y A USER SUPPLIED “BLOCK DATA“
PROGRAM,

VIl-¢




v e

5.0 INPUT TABLES

&
Ty

INPUT TABLE ENTRIES HAVE THE FOLLOWING FORMAT:

cCL 1 = 4 5 6 - 15 16 - 11 72
LABEL KEYWORD PARAMETERS CONTINUATION

WITH THF FOLLOWING CONVENTIONS:

L. PARAMETERS MAY PE SEPARATEN BY COMMAS AND/QR ONE QR MORF
RLANKS

2. Twl CONSECUTIVE CCMMAS INDICATF THE ABSENCF CF A PARAMFTER

3. A NUN-BLANK IN CCL. 72 MEANS THAT THE PARAMETER LIST CON-
TINUES CN THE NFXT CARD

4. IF A CARD ENDS WITH A COMMA, CCNTINUATION CN THF NEXY CARD
IS ASSUMED

e CCMMAS MLST NCT 3E CCOED FDR ABSENT TRAILING PARAMETERS

6. THERE IS A LIMIT OF 115 CHARACTERS FNR A PARAMETEK LIST.
(A PARAMETER CF LENGTH N CHARACTERS CCUNTS AS N+t
CHARACTERS, AND IF THF PARAMETER LIST STARTS AFTER
CCLUMN 16, THE LEACING 3LANKS ARE ALSC COUNTED)

7. THE LABEL MLST START In CCL. 1

8. THE KEYWORD HUST START IN UR AFYER COL. 6, AND ENC IN DR
B3EFCRE COL. 15

9. VALUES TU RE INPUT MAY BE REAL, INTEGER, R ALPHAMERI(,
AS IMPLIED EY THE MEANING OF THE PARAMETER. THE FQRAMS
WHICH THESE VALUES MAY ASSUME ARE:

INTYEGER A STRING 0OF CONTIGURUS DIGITS, wHICH MAY BF
PREFIXED 8Y A MINUS SIGN

RE AL LIKE INTEGER, EXCEPT A DECIMAL PCINT MAY APPEAR
AL PHA A STRING OF NOT MORE THAN FOUR CONTIGUOUS

CHARACTERS . COMMAS, PARENTHESES, OR BLANKS MAY
NCT APPEAR IN AN ALPHA PARAMETER.

THE FOLLCWING IS A DESCRIPTION OF TAPUT CONVENTIUNS AND DEFIN-
ITIONS OF INPUT PARAMETERS FOR ALL TABLES, EACH DESCRIPTION
CONTAINS A DISCUSSINN OF THE INPUT TABLE, FOLLCWED 8Y A
"PROTOTYPE" EXAMPLE QOF YHE T.8LE, FOLLOWED BY OFFINIVIONS

UF THE PARAMETERS USED, AND THEIR DEFAULT VALULS. IF NO DEFAWLLT
VALUE 15 SPECIFIED, THE DEFAULT IS BLANK FDR A NAME FIELD3 2F%D
FCR A ANUMERIC FIELC.
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INDENTATION IS USED IN THE KEYWORD FIELD AS A MATTY(R 0OF S5TYLE
ONLY, TO CUNVEY TBELCNGS TO" OR YSUBORDINATE TO" RELATIONSHIPS.
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3.1 HARNWARE

THE HARCWARE TABLES UESCRIBF THE NUMBER, TYPES, ND CCNFIG-
URATICNS OF THE HARNWARE ELEMENTS (CHANMELS, CONTQOL UNITS,
AND DEVICES) TO BE INCLUDED IN THE SYSTEM,

EACH CHANNEL IS LISTED AND, UNDER THAT CHANNEL, FACH 0OF THE
CONTRDL UNITS ATTACHED TC THE CHANNEL. SIMILARLY, UNDER FACH
CCATROL UNIT ARE LISTED THE DEVICES ATTACHED TO THE CONTROL
UNIT. A DEVICE IS CONSIDERED TO BE A SINGLF DRIVE; THAT IS,
A 2314 FACILITY WOULC CONSIST OF EIGHT DEVICES ATTACHFD TN
CNE CONTRCL UNITT,

CONTRCL UNJTS MAY BE SWITCHASLE BETWEEN CHANNELS. TC INDICATE
SUCH AN CPTIONs A CCATROL UNIT MAY BE LISTED UNDER MORE THAN

- ONE CHANNEL. HOWEVEP, THE ATTACHED DEVICES MUST BE LISTED ONLY
4 ONCE .

CHANNELS AND UNITS NEEC NOT BE EXPLICITLY SPECIFIEN, [F THEY
ARF NOT, AN IMPLIEC (NAMELFSS) UNIT AND/OR CHANNEL WILL BE
SUPPLIEL BY THF SYSTEM,

s

FELETHEREI AR FBR SRR R LR AR SRR AR R AR SRR AR TR F R K E RO R R R RS S S B RN

*HARDWARE

hNaME CHANNEL

NAME UNIT

NAME NEVICE TYPE,TRKP

CHANNEL

.
oM

##tt#*¥$#*#M*§#l§*¥*##tt#*#‘####t‘**‘“"‘lt‘t*#######t#i#*t‘#.t##*#tt#

PARAMETER OFFINI TIONS

PARM DEFINITION DEFAULT

i e T ol o s ot o b

NAME NAME OF CHANNEL, UMIT, OR DEVICE

e
4

{1
|
R
4

TYPE DEVICE TYPE. THERE ARE FOUR BUILT-IN TYPES:
2302,2311,2314,2321
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TRKP INTTIAL POSITICON GF THE HEAD RELATIVLC TN ZERN.
THIS PROVIDES CIFFERENT RELATIVE ROTATIONAL
PUSITICNING ACRNSS ACCESS MECHANISMS,
0.<=TRKPL=],
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3.2 VEVICE TYPE

A DeVICE TVPE IS A CCOLLECTICN OF PARAMETERS REPRESENTING THE
PHYSICAL CHARACTERISTICS OF A KIND OF DEVICF; FJOR EXAMPLE,
2311, 2321,y 2314, ANC 2302 (INCIDENTALLY THFIE FOUR ARE RUILT

- INTO THE SYSTEM AND NEFED NOT BE SUPPLIEC BY 7.l USER). FACH
DEVICE IN THE HARDWARE CESCRIPTION MUST ADDPT ITS CHARACTER-
ISTICS FROM CNE OF 7THE DEVICE TYPES.,

IT IS ASSUMFD THAT THE CYLINDERS OF A DEVICE ARE NUMBERED

1 = Ny ANC CAN BF CIVIDED INTO ACCESS ZONES, FACH HAVING
THE SAME NUMKER NF {(CONTIGUOUS) CYLINDERS. FURTHCRMIREs IT

I'S ASSUMFD THAT THE ACCESS ZONES CAN BF SIMILARLY SUANIVIDED
INTO SUB-ACCESS ZONES, THIS ZONATION FORMS THE BASIS FOR
DESCRIBING DELAYS LCUE TU ACCESS ARM MUVEMENT HETWEFAN CYLINDERS
F THE DEVICE. THESE YACCFSS TYIMES®™ ARE A FUNCTION NF THE NUM-
BFR AND TYPES CF ICNE BDUNDARIES PASSFI: NVYFR, AND, FUR FEACH
TYPt OF ZONE, CAN HE EXPRESSEN AS A STNGLE SCALAR VALUF OR A
TABLE CF VALUES. IF THE DEWICFE HAS NO ZONATICN (QTHER THAN
CYLINDERS), ONLY ONE SCALAR CR QONE TABLE NEED BF SPECIFIED.

(AR S T R R R AR R S R SR S R RS ISR SRR SR S TR R E AT T

*NDEVICE TYPE

NAME DEVICE PERsTRKC NCYC,CAT»TB:DRATTPC,
OCVekCV,v0C,
NCYA,CATA,TABA,NCYS,CATS, TABS

ENP .

22222 R R AR R R R I R Y SRR R R T SR AR SRS R AR RSS2 E

PARAMETFER CEFINITIONS

PARM DEFINITIOA DEFAULT

- —— . e 252e e e o A S e W= —— —_—— e i ot e Wt ———— e o < e e S S 5 vy S . S S e e T

NAMF  NAME OF DREVICF TYPE
PER RGVATLONAL PERICD CF CEVICE IN MS,

TRKC TRACK CAPACITY - MAX SIZE [IN BYTVES) RECORD THAT
CAN BE STCRED CN ONE TRACK

NCYL  AC. CYLS. PER DEVICE
GAT BASIC CYLINDER ACCESS TIME IN MS, T8 USED
TH BASIC CYLINDER ACCESS TIME TABLE CAT USED

CRAT CATA RATE IN BYTES/MS
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TPL NC. TRACKS PER CYLINDER

bov HARDWARE OVERKEAD FOR DATA - BYTES PER 3LOCK

KUV HARDWARE CVERWEAD FDR KEY « BYTYES PFR 3L(0CK

voc HARCWARE OVERHEAD VARTASLE - BYTES PER 3LOCK

NCYA NO. CYLINDERS PER ACCESS ZONF

CATA CYL. ACCESS TIME BETWEEN ACCESS ZUONFS (MS) TADA
TABA TASLE OF CATA CATA
NCYS NC. CYLINDERS PER SUB-ACCESS ZONE

CATS (¥YL. ACCESS VIME BETRIEN SUB-ACCESS ZUONES AUl
WITHIN ACCESS ZIOCONES TABS

TABS TABLE COF CATS CATS

TB, TABAs TABS ARE TABLES IN WHICH

AkG= NC. OF CYLINDER, ACCESS 2ONE, DR SUBACCESS 20Nt ROUND-
ARIESy RESPECYIVELY, TO BE PASSFOD UVER BY THF ACCESS
MECHANISM,

VAL- TIME fix MS. FOR THE ACCESS MECHANISM YO PERFUR™
THIS MANEUVER

USE bF A SCALAR (CAT,CATA,CATS) INSTEAD OF THE TABLE IMPLIES
THAT THE TIME TAKEN IS INDEPFNDENT (0F THE NUMBER OF ROUNDARIES
CROSSEC.

THE NUMBER OF BLOCKS THAT CAN BE ACCOMMDDATECD BY A TRACK IS
COMPUTED BY THE FOLLOWING FORMUILAZ

1 4 (VRKC ~ KOv - KL -~ BLOCKSIZE)/IBLOCKSIZE + DOV + KOV
+ VOC * (BLOCKSIZE + KL))

WHERE KL=0 JMPLIES KOV=0 (KL = KEY LENGTHI.
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3.3 SEGMENTS

THU STGMENT SPECIFICATION 1S THE MEANS BY WHICH THFE LOGICAL
ORGANIZATIOGN F YHE DATABRASE IS DESCRIBED, AND BY WHICH THE
ASSIGNMENT UF SEGMEATS TO GATASETS 1S MADE, T IS ALSL THE
BASIS FOR PHRASING QUALTFICATION SPECIFICATIONS,

A SCGMENT 15 A COLLECTION CF FIELNS CESCRIBING AN ENTITY, FOR
EXAMPLE, NAME, AGE, AND SEX MAY BF USED TO DESCRIRE A4 PERSON.
DIFFERENT KINCS DF ENTITIES (FOR EXAMPLE, PECPLE, OQRGANIZ-
ATIONS, AND BOOKS) CAN BE PEPRESENTED IN THE SAME SYSTFM, EACH
HAVING ITS UOwN SEGMENT TYPE AND COLLECTION OF FIELDS.

A HIFRARCHICAL QR TREE DAYA STRUCTURE IS ASSUMED: THAT IS, FACH
SEGMENT TYPE MAY HAVE ONE OR MORE “JNFERIOR" SEGMENT TYPES,
EACH JF mwHICH OCCURS A GIVEN NUMBER OF TIMES FOR EACH NCCUR-
RENCF CF ITS SUPERICR SEGMFATY,

EACH SEGMENT TYPE IS ASSGCIATED WITH A GIVEN DATASET. THIS
ASSOCIATION MEANS THAT ALL CCCURRENCES OF THAT SEGMENT wlLL BRE
ASSIGNEN TO (STCRED IN) YHE SPECIFIED DATASET,

THE "DATASEY MASTER SEGMENT®™ CF A SEGMENT IS THE HIGHEST
LEVEL SEGMENT SUPERIGR TO IT AND ON THE SAME DATASET. ALL
SEGMENT TYPES ASSIGNED TG A GIVEN DATASET MUST HAVE THE SAME
DATASET MASTER TYPE,

B "DATASET® RECCRD CONSISTS OF A DATASEY MASTER SEGMENT
TOGETHER WITH ALL SEGMENTS INFERIOR TQ IT THAT HAVE ALSD BEEN
ASSIGNED TO THATY [ATASET.

A FIELD MAY BE A SORT FJELD; THAT IS, FIELD VALUES FOR A SORT 1
FIELD WILL CCCUR IN THF DATASEY IN THE QRDER IN WHICH THEY ARF
PRESENTEC IN THE DISTRIBUTION OF THE FIELD., THE VALUES
. JF  NON-SORT FIELDSY ARF ASSUMED TQ BE
UNLFCRMLY DISTRIBUTED THROUGHOUT THE DCCURRENCES OF THE FIELD.
A SORT FIELD MAY CCCUR GNLY IN A DATASET MASTER SEG-
MENT, AND EACH CATASLT MAY HMAVE AT MOST ONE SCRT FIELD.

LA R R R e R s R R Iy I Y R R L e LI I

®SEGMENTS
NAME SEGMFNT SIZESUP+ D3 APSS
NAME FIELD SIZE.DIST,TYPE,SIDS

T ER—

»

SEGMENT

*
*

END

BEMBASELEPAERREEIEAS R AR BANU SRR RSN RS ARE SRR BRSNS RN P SRR R LA AR R SR IR R
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PARAMETECR TEFINITICANS

FARFM GEFINITION DEFAULT

———— . . . 02 4 Al o s e A o ) Tt ot e . — e A" .~ T TR ————— —— . % —

NAME NAME OF SEGMENT OR FIELD. IT IS NOF NECESSARY TQ LIST
THE FIELNS OF A SEGMENT IF THEY ARE NOT GERMANE TO THE
SPECIFICATION.

SI2¢€ FIELD SIZE OR INITIAL SEGMENT SIZF.
AFTER INPUTy FOR SEGMENT THIS BECOMES:
INITIAL SEGMENT SIZE + SUM NF FIELD STZES IN SFGMENT

Sup SUPERIOR SEGMENT NAMF
DS DATASET TC WHICH THE SEGMENT IS ASSIGNED

NPSS NUMBER OF THESE SECMENTS PER SUPERICR SEGMENT.
FUR A SEGMENT wITH NO SUPERIOR SFGMENT, THIS
WwitL BE THF TCTAL ANUMBER OF THESE SEGMENTS (AND THE
NUMBER OF RECORDS CN THE DATASET).

DIST NAMF OF THE DISTRIBUTION (IN THE CISTRIBUTION TABLE),
CF THE VALUES OF THIS *IeELD.

TYPE
SURT FIELD

[ELD TYPE
= SECUNDARY [NDEX KeY F1elLD (NOT [MPLEMENTED)

F
S
5

SIDS NAME OF SECONCARY INDEX DATASEY FQOR THIS FIELD -
(NCT INPLEMENTED)

VII-14




1.4 CATASETS

A DATASEY I5 A (GGICAL CCLLECTINN CF RECORDS NUMBERED 1-N, &ND
{S THE PRIMARY VEHICLE FOR PEFFRRING TO AND ACLeS51iNG DATAL
FACH CATASET CUNSISTS CF ONE DR OMUORE FILES, THE SALIFNT FFATURE
GF & FILE IS THAT IT HAS THP SAME PHYSICAL RECORD FOKMAT

Thh CUGHDUT WHERFEAS, FCR DIFFERFANT FILES BELONGING TO A
CATASET, THIS MaY NCT HE TRUE.

fiIR FXAMPLE, AN INCEXED TATASEY MAY CONSISY OF A PRIME DATA
FILEy AN INDEX FILEy ANL AN NVERFLOW FILE, ALL HAVING DIFFERENT
RECCRD LEAGTHS AND RLCCKING FACTCRS.

A STRICTLY SEUJUENTIAL DATASET CONSISTS OF ONLY ONE FILE,
SUCH DATASETS ARE CALLED “UNE-FILF®™ DATASETS.

A FILE 1S SUBDIVIDED INTO "EXTENTS™, THIS ALLOWS A FILE YO AF
SCATTERED UVER SEVERAL DEVICES, CR TQ QOCCUPY NUN-CONTIGUOUS
AREAS CN THE SAME CEVICE. AN FEXTENT IS CHARACTERI[ZED HY 1TSS
NeVICE, FIRSY CYLINDER, AND ANUMBFR OF CYLINDERS,

#CST JF THE PARAMETFRS DESCRIBED HAVE DEFAULT VALUES. IN FACT,
FILE AND EXTENTY DFSCRIPTIONS MAY BE OMITYED ENTIRELY WHERE THE
DFFAULTS SUIT THF USFR.

IF THE EXTENTS SPECIFIEL RY THE MODELER WILL ACT CCNTAIN
THE FILE, ACOITICNAL EXTENTS wltt HE PROVIDED FROM UNOCCUPIFD
NEVICES OF THE TYPE ON wHICH THFE FILE IS TQ RESIDE. SUCH
NEFAULT-ASSIGNED) LEVICES wWILL BECOMS UNAVAILABLE FOR SUBSEQUENT
DEFAULT ALLOCATION (EVEN THOUGH THE OCCUPYING FILE DOES NAOT

) USE THE whOLE NDEVICE).

b & FILE MAY “SHARE®™ EXTENTS wIThH ANOTHER FILE; THAT IS, IT May
) GCCUPY THE SAMF CYLINDERS AS ANCTHER FILE (BUT OIFFERFNT
TRACKS) .

FOR A CEFINITICN GF THE ACCESS METHOD OEFINED PARAMFTELRS
FUR FACH ACCESS “4FTRCD, SFF SFOYICN 7.

ARG ILEA RPN RR SRR RRKERALA S XFUEREREENSES AR ISR PR RSB X RIS AR IS FOENEER%K

E *DATASETS

L NAME DATASEY TYPE ,NRECRSTZ4LEVT

E PARAM ACCESS METHOD DEFINED PARAMETERS

E NAME  FILF TYPEJDEVT JRPH,TPC,ALLT sALLBTYP,NBUF,

NV,CH'EXT 1RPC|KL
EXTENT JEV,.LYLWACYL

T R et

Vil-13




DTATASE .

ERD

[ E A Z RS E R R R SR A2 2 PR RS R R 22 2 R R 2 A R R R AR R A PR AR R T AR R RS R RS2 R

PARAMETER DEFIANITIONS

PARM DEFINITION PDEFALLT

- — — - o e e = e S " =

NAME ANAME OF ODATASET OR FILE

TYPE FCR DATASET, ACCESS METWHCD TYPE. FOR A DFESCRIPTIUN S
OF THE ACCESS METHQDS, SEE SECTICN 7.

FCR FILEy IDENTIFICATIUN OF FILE TYPE. ALLUWABLE FILE

TYPES DEPEND ON THE VTYPE (OF DATASET TO WHICH THC FILE

BELONGS. THIS PARAMETER IS JCNGRED IF YHE DATASET (S A
UNE-~FILE DATASET.

NRFC NG. OF RECORDS CN CATASET. [F SFGMENTYS ARE
ASSIGNED TO THIS DATASET, “NRECY™ IS TAKEN TO HF
THE NUMBER OF DATASEY MASTER SEGMFNTYS. IF
NO SEGMENTS ARE ASSIGNED TO THE DATASET, AND "NREC® IS
NCT SPECIFIED, IT wILL BE CCMPUTED TU BE THF NUMBER OF
RECORDS THAT wILL PE ACCCMMODATEN BY THE SPACE ALLQCATED -
TO THF DATASET, EITHER THRQUGH THE WALLTY™ AND "wALLY™
PARAMETERS OF THE ASSOCIATED FILE, OR 8Y THE EXTENTS
PROVIDED BY THE USER (ONE-FILE DATASETS ONLY).

RSIZ RECORD SIZ8. THIS SIZE IS &bDED TC THE
CONTRIBUTION IN RECORD S51ZE DUE TO SIZES QOF
SEGMENTS (IF 2NKY) ASSIGNED TO YHE CATASET.

DEVY DATASET DEFAULT DEVICFE TYPE. A SPECIFICATION HERFE WILL
CAUSE ALL FILES ASSOCIATED wITH THE DATASET TC BE
ASSIGNED TO DEVICES QF THIS TYPE, IF THFY HAVE NOT BCEN
OTHERWISE ASSIGNED.

DEVICE TYPE Tr WwHICH THE FILE IS YU BE ASSIGNER,
THIS PARAMETER MAY BF OMITTED IF ASSIGNMENT YO
SPECIFIC DEVICES IS MADE BY USE OF EXTVTENYS, OR
THIS FILE SHARES EXTENTYS wITR ANOTHER FILE,

OR ASSIGNMENT TO THE ®0OEVT" SPECIFIED BY THE
DATVASEY IS5 DESIRED. A FILE MAY RESIDE 0ON NNLY DNE
TYPE OF DEVICE.

RPB NC. RECTORDS PER BLOCK 1 -
1PC NC. TRACKS PER ALLOCATED CYLINDER TO BE ASSIGNED
TO THIS FILF, CEVICE TPC
Vil-16 %
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:
;
5,
i
b
_e
*w

ALLT

ALL

3TYP

NBUF

1%

CH

EXT

RPC

KL

DEV

cyL

NCYL

ALLILAYION UNIT: REC
REC FOR ALLCCATIUN IN RFCORDS

TRK FCR ALLQCATION IN TRACXS

CYL FCROALLGCATION IH CYLINDERS

NC. OF THE ABOVE UNITS TGO BE ALLOCATED.
CCFAULT: ENOUGH T0) ACCUMMODATE “NREC™ RICORDS,

BUFFERING TYPE TCM SEQUFNTTAL ACCESS.
wpr o= WMOVER, WiM = mIOCATER, A5 DESCRIAED BY
0S/360 NATA MANAGEMENT,

NO. OF BUFFFRS TO BE ASSIGNED wHEN THIS FILE 1S
CPENED. BUFFER SIZF IS DICTATED BY BLOCKSIZF.

"WV JF WRITEF VERTFICATION IS TC BE PERFORMED
FOR THIS FILE (NOT CURRENTLY IMPLEMENTEN)

"CHY 1F CCMMAND CHAINIAG IS TO BF USED (NOY
CURRENTLY [MPLEMENTED)

NAME CF FILE WITH wHICH THIS FILE 1S TO SHARE
EXTENTS

NO. OF RECCRDS OF THIS DATASEY TC BE ASSIGNED PER
ALLOCATED CYLINDER. DEFAULT: NO. OF RECORDS

THAT CAN BE ACCCMMCDATED BY »YPCH" TRACKS.

KEY LENGTH

NAME CF THE DEVICE THE EXTENT RESINDES ON

CYLINDER NF THE DFVICE ON WHICH THE EXTENT BEGINS

NUMBER CF CONTIGUOUS CYLIEINDERS IN THE EXTENT,
DEFAULTY: ANO. (OF CYLINCERS ON OCCUPIED DEVICE.
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3.5 QUALIFICATIONS

THE QUALIFICATICN SPECIFICATIONS ARE ROUGHLY EQUIVALENT TO
GUERIES (N THE DATABASF. EACH QUALIFICATIUN UESCRIBES A
CRITERION WHICH A SECMENT MUSY MEET [N GPDER TC QUALIFY, AND
RESULTS IN A LISY OF QUALIFI:., RECORNS UN THE ASSOCIATEN
CATASET. THESE LISTS ARE MADE ACCESSIBLE TO THE PROCEDURE
THROUGH THE "SQ" AND "RQ"™ TYPE LIESTS, UR YHF #Qn MONIFIER

IN A PROUOCEDURE ACCESS OPERATIUN (SEE PRCCEDURE SPECIFICATION).

THERE ARE THREE TYPFS OF QUALIFICATION SPECIFICATION: "FIELD",
"BOOLEANY, AND WNSEGMENTYM,

IN THE FOLLOwWINGy "FLD™ REPRESENTS A FLELU NAME, "a1% AND "Q2"
REPRESENT QUALIFICATION LABELS, AND U“SEGCH® REPRAFSFNTS A SEGMENT
NAME.

EACH QUALIFICATION IS A QUALIFICATION ON A UNIQUF SEGMENT
TYPE, AS FOLLOWS:

A FIELD QUALIFICATION IS ON THE SFGMENT CONTAINING "FLO™.

A BOCLEAN QUALIFICATION IS ON THE SEGMFENT JUALIFIED 3y »QlL"
AND "Q2",y Wi{ICH MLST QUALIFY THE SaME SEGMFNT.

A SEGMENT QUALTIFICATION IS ON THE SEGMENT NAMEDR BY "SEGY,

IN TURNy, A QUALIFYING SEGMENT QUALIFIES THE RECORD THAT [V
BELGNGS TO IN THE DATASET CONTAINING THAT RECORD. WHEN THE
CUALIFICATIGN TABLES ARE PRINTEL BY THE PROCEDURE, THREE
ADDITIONAL PARAMETERS, "LRC™, "HRQ"™, AND “NRQM™ ARE ALSO
PRINTED FOR EACH QUALIFICATICN. THESE REPRLSENT, RESPRCTIVELY,
THE *L0Ow RECORD*", ®"HIGH RECORD™, AND "NUMBER OF RECORDSY
CUALTFIED ON THE APPROPRIATE LCATASET.

A QUALIFICATION [S INTERPRETED AS FOLLOWS BY TYPF (SEE THE
PROTGTYPE QUALIFICATIONS BELOW):

FIELD — A SEGMONT CONTAINING FIFLD “FLD" QUALIFIES
IF "FLD" BEARS RELATION ¥RFL"™ TO VALUE "VAL".

BOOLEAN — A SEGMENT QUALIFIES IFf IT ALSO QUALIFITS BY
"Q1® MRELLIT™ 02w,

SEGMENT - SEGMENT ¥SEG™ CQUALIFIES IF IT HAS "RELZ™ "NY
SEGMENTS THAT QUALIFY By mg3w,

A FIELD QUALIFICATIGN ON A SORT FIELD RESULTS IN QUALIFICATION
OF A SUBSET OF THE RANGE OF RECORDS IN A DATASET, FURVHER

USE OF SUCH A QUALIFICATION BY A SEGMENT QUALIFICATION (WHERE
THE SEGMENT BEING QUALIFIED IS IN THE SAME DATASET AS THE GIVEN
FICLD) wILL RESULT N DERIVATIVE QUALIFYING SUBSETS OF THF

SAME TYPE, SUCH A QUALIFICATION IS CALLED A “SORT QUALIFIC-
ATICON®, AND AN "OR® SEGMENT QUALIFICATION 1S NOV PERMITTED IF
EITHER =Q1™ OR ®Q2" IS OF TYHIS TYPL,

VIiI-18
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e R R PR R R R R R R R R R S Y P R PP SRR S SR R S 2P 2122 2222 2 28 2

T #JUALIF ICAT JONS

NAME QUAL FLCsRELyvAL (FIELD QUALIFICATION)

NAMFE QUAL QLyREL14Q2 (BOOLEAN QUALIFICATION)

NAME QUAL SEGeHASsQ34REL24N { SEGMENT QUALIFICATION)
ENC

XY 2R RN RSS2 20 R 22 Rt e R R R R R R R R R R 222 2 R 2 R 2 2 12

PARAMETER LEFINITIGNS

PAKM DEFINITION NEFAULT

NAME  NAME CGF QUALIFICATION

FLO FIELT NAME

REL RELATION: ™EQ™ FUR "EQUALS"
MLET™ FCR "LESS THAN (OR EQUAL TO™
“GT" FOR "GREATER THAN®

VAL A VALUE CF THAT FIFLD

Jlew2 NAMES OF QUALIFICATIONS. CQl,Q2 MUST BE JUALIFIC-
ATIONS 3N THE SAME SEGMENT

RELI IIA'\[}" CKr ”DR"
SEG NAME CF A SEGMENT
HAS A LITERAL "HasS®
xS NAME (JF A QUALIFICATIONS THE SEGSMENT QUALIFIED BY
G3 MUST RE LINEALLY RFELATED YO ©SEGY, THAT IS,
GNE VLST HE A CIRECT DESCENDANY CF THE CTHFR [N
THE SEGMFNT HIERARCHY.
RFL2  EGyLE 3T = SAME INTERPRETATICN AS FOR REL ()

ALL - ALL STGMENTS RELATED TO ™SEGY™ MUST
QUALTIFY By =(3%

Yo

A A NUN-NEGATIVE INTEGER




3.6 PRCCELURE

THE PROCEDURE IS THE MEANS BY WHICH THE USEP INSTRUCTS THF
SYSTEM wHAT IS TO BE DCNE wWITH THF CONFIGURATIONS OF HARDWARE ,
SOFTWARE, DATASETS AND QUERIES DESCRIBELN, IT ALSO PROVINES
CERTAIN MUDEL CONTROL AND CEMUGCGING FACTILITIES.

INTERKPRETATION AND CEFAULT VALUES OF PARAMETERS ARE
DEPENDENT ON THE PROCEDURE CPERATION TYPE,

EXRFVEBEREXIRRNR RN REARERE: FARAE R RN R R RR AR R AR R X TR E R RO R R R e ok de o

*PROGCEDURE
LBL OP M O2JsLISTSGCFGCTIMF
END

IR RIS RSN RIS LRSS A RS R R 22 R 2R R R R R R R R R s

PARAMETER [CEF INITICNS

PARM DEFINITION DEFAULT

———— i .t . o o A T - e A i ¢ T o T o ——— —

LaL STATEMENT LABEL

cp CPERATION TO BE PERFORMED (COLS. 6=14)
MUST BE SEPAKATED FRCM A MODIFIER, IF PRESENT,
BY CNE DR MORE ELANKS

M (MCD) MODIFIER, WHICH ALTERS THE MEANING DF ThF
OTHER PARAMETERS FOR SCME DPERATICNS (COL 1%).
JUST LEAVE BLANK TC CMIT3S DO NOT COCE A COMMA.

aaJ CBJECT OF OPERATION

LIST LISY YO BE USED BY THE CPERATION. IT MAY APPEAR
AS A LITE“AL L‘ST' IN THE FORM (XI.XZ.-..'XN).

SGO LABEL TC 6O TC IF GPERATION "SUCCEEDS™ NEXT STMT
F50 LABEL TC GO TC IF OPERATION ®FALLS"® NEXT STMT
TIME CPU TIME IN MS, TO BE ASSOCIATED WlTk THIS

UPERATION. IT 1S APPLIEC wHEN THE OPERATION

1S COMPLETE.
CPERATIONS wHICH MAY BE USED IN ®0P® FIELCT:

PRINT PRINT CN LCGICAL FILE vwOBJ™ (DEFAULT= STANDARD
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OUMP

TRACE

NOTRACE

STRACE

CUTPUT) THE TAZBLES NAMED IN "LIST®". ELEMEANTS
OF THE LIST CAN RE:

ati PRINT ALJ. TABLES

V] } DISTRIBUTIONS

T8 TABLES

0P DEVICE TYPES (OR PROTOTYPES)

HD HARDWARE CONFIGURATION AND PARAMETEFRS
5G SEGMENT  (LCGICAL STRUCTURE OF DATA)
PR PROCEDURF

L LISTS

ns DATASETS (PHYSICAL STRUCTURE (F DATYTA)
GU QUALIFICATICNS

Tl TIMERS

it F/C STATLS

FCR SCME TAGLES, SCME INTERNAL PARAMETERS ARE
PRINTED CUT TC PROVIOE ADCITIONAL INFORMATICN
FOR THE MCDELER. INTERNAL PARAMETERS ARFE
OEFINED IN SECTION 10 UNDER THE APPROPRIATE
TABLE ENTRY,

DUMP (PRINT EXTERNAL AND INTERNAL PARAMETERS) ON
LOGICA) FILE “0RJY" (DEFAULT= STANDARD QUTPUT) TABLES
NAMED IN VLISTH, wWHICH MAY INCLUDE ANY NF THE ABOVE,
PLUS:

Dv DEVICES
cu CONYROL UNITS
cH CHANKELS

Lo LOGICAL DATA (SEGMENTS AND FIELDS)

FO FIELDS

PN PHYSICAL DATA (DATASETS, FILES, EXTENTS)
FL FILES

EX EXTENTS

uT UTILITIES {(DISTRIBUTIONS, TABLES, LISTS)
Bu BUFFERS

Q 1/C QUEUES

TRACE SUBROUTINES NAMED IN "LIST". A SUBROUTINE
1S IDENTIFIED BY A FOUR CHARACTER STRING CONSISTING
OF THE FIRST TwWO AND THE LASY TwWO CHARACTERS CF THE
SUBROUTINE NAME. THE TRACE WILL APPEAR ON THE
STANDARD OUTPUT . USE OF WEVNT® AS A SUBROUTINE NAME
WILL CAUSE TRACING ©F ALL 1/C EVENTS. USE OF ™ALL™
Wwill CAUSE ALL SUBROUTINES (AND I/0 EVENTS) TO AE
TRACEC. SEE SECTION 9.3 FODR A LIST OF ALL
SUBROLTINES IN THE SYSTEM, AND THEIR FUNCTIONS.
ASSEMBLER LANGUAGE ROUTINES ARE NOT TRACEABLE,

SUSPEND TRACING CF YHE SURROUTINES NAMED IN "LIST™
AFTER FVERY 24 PROCEDURE STATEMENTS EXECUTED, PRINT

THE 24 STATEMENT NUMBERS ON LOGICAL FILE "OBJ“™
{DEFALLT= STANDARD CUTPUTY)
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ERRCR

RESTORE
TIME

PYIME

END

{BLANK)

INTT

SYNC

REAQS
WR1TS

1 AN ERROR OCCURS DURING EXECUTIUN, TRANSFER TN

THE LABEL NAMED 8Y "08J4", IFf AN ERROR OCCURS AND

NC "ERROR™ STATEMENT HAS BEEN CXECUTED, THF LAST
"ERROR®™ STATEMENT IN THE PROCENURF wILL PRFESCRIBE
THE ACTICAN TO BE TAKEN.

IF »0BJ® IS BLANKy THE STATEMENT FOLLOWING THE FRROR
STATEMENTY IS ASSUMED.

RESTORE THE SYSTEM TO TIME=0O
SET TIMER %“0BJ™ TC ZERC

PRINY TIMER %DAJ" (MS, LF ELAPSED SI4ULATED
TIME SINCE IT WAS LAST SET).

ALL TIMERS ARE AUYOMATICALLY SET TC ZERN AT
PROCEDURE INITIATION, AND BY "RESTQREW,

END CF PRCCEDURE. THIS DELIMITS PROCEDURE STATEMENTS,
AND WHEN TRANSFERRED TC, wILL END PROCEDURE
EXECUTIUN.

NG OPERATION, BUT HONUR "SGO"™ AND “TIMF®
PARAMETERS

RE~INITIALIZE LISY ®0BJ", AND/OR EACH LIST IN "LIST™
TO IYS STATE AT PROCEOURE INITIATION.

WSYNCHRRONTZE™ THE OPERATIONS NAMED AT THE LABELS IN
THE LIST. THAT IS,y A TRANSFER TO ONF OF THE SPECIFIED
LABELS CAN RESULT IN A TRANSFER TG AKY ONE OF THE
LABELS. THE PROBABILITY THAYT A GIVEN LABEL wlILL RE
TRANSFERRED TO 1S PROPORTIONAL TQ (HE CURRENT LENGTH
OF THE LIST NAMEC BY THE LIST ARGUMENT AT THAT PRO-
CEDURE LABEL.

*0BJ" SPECIFIES THE LABEL TU RF BRANCHMED TO WHEN ALL
THE LISTS ARE EMPTYV,

THIS CPERATION PRQAVIDES PARALLEL CPERATICAS ON
DATASETS WHEN THFRE 1S NO FIXED PATTERN JF ACCESSES,
FCR EXAMPLEy IN MFRGE CPERATICNS.

HSYNC® IS A PROCEDURE CONTROL OPERAYION, ITS
EXECUTION HAS NO IMMEDIAYE AFFECT FXCEPT TO INDRICATE
TO THE SYSTEM THAT YHE SPEJIFTED STATEMENTS ARE TO
OPERATE IN WSYNC®™ MOOE.

READ CR WRITE (USING SEQUENTIAL PRGCESSING) A RECOAD
OF THE DATASET NAMED BY "OBJ", THE RECORN TC &F
ACCESSED IS DEFINED BY THE NEXT NUMBER ON THE SPF(C-
IFIED L1ST. SUCCESSIVE ACCESSES wWILL BE MADE TC THF
DATASEY (STARTING AT &ECORD 1 [F THF NATASET 1S NOY
OPEN) UNTIL THE REQUIRED QECGRD 1S5 ACCFSSEN, OF AN
END-NF-DATA INCICATION 1S RETURNED.
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READR
nRITR

READD
WRITD

wWAIT

UPDATE

OPEN

THE RECORD NUMRER TC BE ACCFSSED IS REMUVED FROM THE
LIST.

THi OPERATION SUCCFFDS IF THE REQUIRED RECTORD CAN BF
ACCFSSEDy AND TRANSFER IS MANE TO THE “SGO2® LABEL.

THE DOPERATINN FAILS [F THF LIST IS EMPTY, NR END-~OF-
DATA IS REACHED ON THE DATASET.

DEFAULT FCR "LIST®™ IS A SEQUENTIAL LIST 1424.4.9NREC
WHFRF NREC 1S THE AUMBER OF RECDADS IN THE DATASET

IF MNO= WF®, THE DATASET IS TAKEN T(O Bt THE DATASET
ON wHICH THE FIELD NAMED BY "0BJ“ RESIDES.

IF MOD= "Q", THE DATASET IS TAKEN TN BF THE DATASET
ON WHICH THE SEGMENT QUALIFIEC BY THE QUALIFICATION
NAMED InN “OBJ™ RESILES. THF LIST WILL 8F INFERRED YO
BE A RANDOM/SEQUENTIAL ARRANGEMENT OF THE RECNRDS

OF THE DATASET QUALIFIED BY THE NAMED QUALIFICATION,
AND ThE LIST PARAMETER SHOULD NCT APPEAR FXPLICITLY,

THE ®wF* AND “G® MGOIFIERS MAY BF USED WITH ANY OPFR-
ATION WHECSE ORJECT IS A DATASET,

RLAC CR WRITE (USING RANDOM PROCESSING) A RECORD

OF ThE DATASET NAMCDO BY "0OBJ™. THE RECORU TO BE
ACCESSED IS OFEFINED BY THE NEXT NUMBER ON THE SPEC~
IFIED LISY.

THE RECORD NUMBEF TC BE ACCESStu 1S REMOVED FROM THE
LIST, AND THE QPERATYION FAILS WHEN THD LIST IS FMPTY.

DEFAULT FCR "LIST® [S A RANDCM LIST CF NREC INTEGERS
CN THE INTERVAL {1¢NREC).

MUD HAS THF SAME INTERPRETATICN AS FOR RFADS, EXCEPT
THAT FOR MOD="Q%, THE INFERRED LIST WILL BE A
STRICTLY RANDOM LIST INSTEAD OF A QANOOM SECUFNTIAL
LIST,

READ CR WKITE (USING DIRECT PROCESSING) A RECCRD Of
THE DATASET NAMED BY ®"0OBJ"™, THE PARAMETERS ARE
INTERPRETED AS THEY ARE FOR READR ANC WRETR.

SUSPEND PROCESSING UNTIL COMPLEVICN CF THE FIRST
DIRECT 170 REQUEST ON NATASFY “0BJ" FCR WHICH A
MWATT® HAS NOT BEEN ISSUED.

UPDATE THE LAST RECGRD READ FROM DATASET =0BJ"

UPEN DATASET ®0BJ% WITH THE PARAMETERS GIVEN IN THE

LIST. THESE PARAMETERS ARE (STATUS NBUFBTYP.CHyWV),
WHERE:

VI1-23

"
i




R FOR READ SEQUENTIAL
W FOR WRITE SECUFNTIAL
X FOR RANDCM PROCESSING

STATUS=

THE REMAINING PARAMETERS ARE AS DEFINED IN THE
DATASET INPUT PARAMETER DESCRIPTION,
CLOSE CLCSE DATASET =0BJ™




Jul LISTS

THE LIST FACILITY PRCVIDES A MEANS OF NDEFINING LISTS FOR USF BY
THE PROCEDURE SPECIFICATION, THESE PRIMARPILY WILL Af LJSTS DF
RECORD NUMBERS TN BE ACCESSED FROM DATASETS IN THE SYSTEM. THF
USER CAl. SUPPLY LISTS wHOSE CONTENTS ARF EXPLICITLY NESCRIRED,
CR HE MAY SPICIFY THAT A LIST IS TO BE DERIVED FROM A QUALIF-
ICATICN SPECIFICATION.

SARRAARRARNDARS R A AR RN AN SR N RS R A FENRRF S AR R A RA R LRI RS RN A RN SR E

®LISTS
NAME LIST TYPEWMCHySIZEZLC,HS,DIST
VALI,V‘LZ,-...VM.ZO
VAL21,VAL2244444VALSGO
LR N 'VALN
LIST
END

BXSBHALRXIBFERRR DA KSR A B R AR B S SR RS A RE TN R SR E SRR RPN AR R E R R RR AR I RPN NS

PARAMETER ODEFINITICNS

PARM DEFINITICN DEFAULT

NAME LIST AAME

TYPE LISY TyptE:

LL LITERAL LIST. LIST VALUES (VALls..asVALN} ARE
TQ BE LISTED UN SUCCFEDING CARDS.

SL = SEQUENTIAL

RL = RANDOM

RS = RAADOM/SEQUENTIAL (SORTED RANDOMI

S¢ = RAANDOM/SEQUENTIAL BASED ON QUALIFICATION

RQC = RANCCM BASED ON QUAL IFICATION

MQ MCDE GF LIST, CR QUALIFICATION NAME FOR SQs RQ TYPE
LISTS. MODE CAN BE:

1 INTEGER
R REAL
A ALPHRAMERIC, ELEMENYS AT MOST FOUR CHARACTERS FACH

FOR SGy RQ TYPE, MC CAN BE ANY QUALIFICATION NAME.

SIZE SIZE CF LISY
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Lo FGR SL, FIRST ELEMENT QF LIST
FOR RL, RS, LOWER BCUND FOR ELEMENTS OF LIST

HS FOR SL, SKIP FACTOR
FOR RL+ RS, UPPER BCUND FDR ELEMENTS OF LIST

CIST FOR RLy CISTRIBUTINN FROM WHTCH ELEMEATS ARF YO
BE TAKEN. DEFAULLT = UNIFORM OISTRIAUTION ON tLOGHS)

VAL1 VALUES OF LITERAL LIST, 70 PER CARD, EXCEPY POSSIALY
THE LAST

VALN
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3.8 TABLES

THE VYABLE FACILITY PRCVIDES A TABLF-LOCK-UP CAPABILITY. TABLFS
CAN HAVE ARGUMENTS ANC VALUES WHICH ARF INTEGER, REAL, (R
ALPHAMERIC (AT MUST FOUR CHARACTERS) s AND MAY REPRESENT EJTHER

- STEP-FUNCTIONS, UR FUNCTICNS REQUIRING TNTERPOLATION wHEN A
VALUE [S NEEDED CCRRESPCNNING TN AN ARGUMENT NOT £XPLICITLY
LISTED.

IN THE CASE OF A STEP-FUNCTION AN (ARG, VAL) PAIR MEANS THAT ANY
ARGUMENT GREATER THAN OR EQUAL TO ARG AND LESS THAN THE NEXT
ARG IN THEt TABLE HAS VALLE "vAL".

AN INTERPOLATEION TABLE MAY NDT WAVE ALPHAMERIC ARG'S MR VAL'S.

IR R T TR RSN YRR ISR RS R 2RSSR SRS SRR R R SRR 2 R 2 20 2 b bk RO X ]

*TABLES
NAMF TABLE TYPL ARGT,VALT
ARG, VAL (CNF PALR PER CARD)
TABLE
END

FHAHERRRESRREERE AR R IR F R RS R R R R XA AR kAR NS LA SR AR AN R R SRR N DA R ERE

PARANETER DEFINITIONS

PARM DEFINITION DEFAULTY

- —— . — - ———— -

NAME ANAME CF TABLE

TYPE S= STEP FUANCTICMH
1= INTERPCLAYTE (LINEAR)

ARGT ARGUMENT TYPE:

I= INTEGER

R= REAL

Az ALPHAMERI]C
VALT VALUE TYPE [AS FC2 ARGT)
ARG ARGUMENT

VAL VALUE ASSCCIATEDR WITH THE ARGUMENT
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3.9 OISTRIBUTIONS,

THE DISTRIBUTION FACILITY ALLCwS THE USER TO SPECIFY DISTRIB-

UTIONS, CHIEFLY FOR DESCRIBING THE DISTRIBUTION OF THE VALUFS

OF A FIELD, AND DISTRIBUTIONS UF RECORD NUMBERS TO BE ACCESSED
FRCM DATASETS.

(AR RS S RS S R R R R P R R T R R RS R R 221 RS Rt ss

*DISTRIBUTIONS
MNAME CIST 1YPE,MODE
ARG+ VAL (ONE PAIR PER CARD)

DIST

.
.
END

AR ERERERRNNI AR SRRRERA RSP R AN R AR R RE R PR AR R R R A AR RN R R A D XX RNk Y

PARAMETER DEFINITIONS

PARM DEFINITION DEFAULT

—— e —— ———— e 2 e e o s s

NAME NAME OF DISTRIBUTION

TYPE C= CONTINUOUS FCR REAL OISTRIBUTION
= INTERPCLATE FOR INTEGER OISTRIBUTIONS .
; 0= QISCRETE FOUR KEAL OISTRIBUTIONS
i = NOQ-INTERPOLATE FOR INTEGER DISTRIARUTIONS
MUDE RANDCM VARTABLE TYPE:
I= INTEGER
R= REAL

A= ALPHAMERIC
ARG  DISTRIBUTICN ARGUMENT

VAL DISTRIBUTICN VALUE

RULES:

L. If TYYPEs{, ARG*S MUST RE STRICTLY INCREASING

2+ IF MODE=A, TYPE HMUSY BE D,

3. IF LASTY VAL= 1., DISTRIRUTION IS ASSUMED TUO BE .
IN CUMULATIVE FCRM, AFTER INPUT, ALL DISTRIA- :
UTIONS WILL BE STORED IN CUMULATIVE FCRM,

4, IF YYPE=C, FIRST VAL MUST Bt 0.
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3.k0 TABLE SUMMARY

FOLLOWING IS A SUMMARY OF SPECIFIABLE INPUT TABLES AND THEILR
INPUT PARAMETERS.

ARERIRAELED ARSIV RIR AR LB AR SRR AN S IR IN SRR RN NR N SR AR RN R E A AR R AR LR kb kR

SHARDWARF

NAME CHANNEL

NAME UNIT

NAME DEVICE TYPF,TRKP

CHANNEL

END

CREBRERECRENEREDRGE R AR ER R B RRR AR ER ISR R R R AR IR E R RE B R R RN R R RA R SRR LXK S

*DEVICE TYPF
NAME DEVICE PER+ TRKC +NCYC,CAT,TB+DRAT,TPC,

O0VKCV,VCC,
NCYA,CATA,TABA NCYS,CATS,TABS

END

L E RIS S S SSEE RS SRR P2 2R RS R S FE LR J R R T2 122 222t 222222221t 2]

*SEGMENTS
NANE SEGMENT SIZE SUP,CSAPSS
NAME FIELD SIZE.DIST,TYPE,SIDS

-

SEGMENT

END

CAERRREFREREER RN RERN R R R AR S A S RN R B BN R R RN RN IR R R R RS E LR KRR A kT ERR R AT

VIi-29




*DATASETS

NAME CATASET
PARAM

NAME FILE

EXTENT

DATASET

END

YTYPE,NREC.RSIZ,DEVT

ACCESS METHOD DEFINED PARAMETERS
TYPELDEVY ,RPB,TPCyALLT (ALL,BTYP,NBUF,
WVeCHsEXTRPC,KL

DEV,CYLWNCYL

EXA2REBRSBRNEBB SRS RRBERE DR IEBES U EENANE OGS v ORGP IR R AU IR R IRNER DR RRERR

*QUALIF ICATIONS

NAME QUAL
NAME QUAL
“AME CQUAL

END

FLOJREL,VAL
ClsRELL,Q2
SEGeHASQ2WRELZ4N

(FIFLT QUALIFICATICN)
(BUCLEAN QUALTFICATION)
(SEGMENT QUALIFICATICN)

AR RSR A SR EE R AR RERENEREEE N AR IR U AR KB R R RS E AP SRR N bR kR kG kR ke Rk

*PROCEDURE
L8L QP
END

M DBISLISTHSGO-TGCTINME

READSAANRP RN RN AR RE R R SR RP R DR RN R R R R RS R AR R Rk 20 e 0 0o 2200 0O e o sl ok

$LISTS
NAME LIST

LIST

TYPEWMQoSIZE+LCoHS0IST
VALL,VALZ2ye.ayVAL20
VALZ21yVAL221 441 VALAD

ees pVALN
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END

IR S22 R A Rt P PR R A R R R RS R PR RS 2 A4 2R 222222 R 22 222 1 20

*TABLES
NAME TABLE TYPE,ARCT . VALY
ARG, VAL (ONE PAIR PTR CARD)
TABLE
END

[ AR R R 22 RS2 R AR RS R RS R SR R A ARt i 2 222 22t 2

*DISTRIBUTIONS
NAME CIST TYPE,MODE
ARGy VAL {ONE PAIR PER CARD)

DISY

END

n 4 IR K

- i,
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EXAMPLE MCOEL SPECIFICATIONS

a

!
THE FOLLOWING PAGES CONTAIN SUME SAMPLE PROGRAMS, NUTPUTS, AND
EXPLANATORY MATERIAL. EACH EXAMPLE CONSISYS OF A DESCRIPTION
OF THE SYSTEM AND PROCESS YO BE MODELLED, NOTES ON THE SPEC-
IFICATION AND OUTPUT OF THE MCDEL, AND THE ACTUAL MOODEL
SPECIFICATICNS AND RESULTS, THE SAMPLE PROGRAMS WERE RUN ON
THE 18M RESEARCH 360/91 COMPUTER AT SAN J0OSE, CALIFCANIA. THE
SIMULATED TIMINGS ARE NCY INVENDED TD REFLECT ACCURATELY ACTUAL
TIMINGS DBYAINABLE UNDER REAL CONDITIONS. THE MODEL IS STILL
IN 17S EXPERIMENTAL STAGES, AND CURRENTLY PROVIODFS ONLY A
FUNCTIDNAL CAPABILITY FOR USERS TO AUGMENT AND CALIRRATE 10O
THEIR CwN SATISFACTION.
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4,1 READ A SEQUENTIAL DATASET QCCUPYING A WHOLE 2314 DISKPACK, AND
FORMATTEL CNE RECORD PER BLOCK, ONE BLOCK PER TRACK. TIME THF
PRILCESS.

NOTES:

1. THE HARDWARE CONSISTS OF ONE 2314 DEVICE (f. E. INE DRIVE,
NCT THE wHULE FACILITY) ON AN IMPLIEC CONTRQL UNIT CONNECTED
TU AN TMBLTED CHANNEL,

2. THERE 1S5 ONE DATASEY, "0S™, WRICH IS SEQUENTIALLY ORGANIZED,
{7S"), AND HAS 4060 RECORDS OF 7294 CHARACTERS FACH, 1T 1S
TO RESIDE OKN 2214 CEVICES (IN THIS CASE IT wWILL JUST FIT ON
ONE 2314 OISKPACK).

THE PROCEDURE SPECIFIES:

3, PRINT THE DATASET PARAMEYERS. NOTE THAT A DATASET CONSISTS OF
MFEILES", WHMICH IN TURN CONSISY OF ©YEXTENTS™. [N THIS CASE,
“DS" CUNSISTS OF ONE FILE, WHICH CONSISTS OF ONE EXTENT, EN-
CCMPASSING A WHOLE 2314 D]SKPACK,

4. READ A RECORD FROM "(0S", THE SECOND PARAMETER SPECIFIES A
LIST OF RECORDS TU BE READ FROM THE DATASET. AS EACH RECGRD
IS READ, IT IS REMOVED FRCM THE LIST. THE SECONDy AR MLIST"
PARAMETER HAS BEEN OMITTED IN THIS CASE, [MPLYING THAT A LIST
CONSISTING OF ALL THE RECORDS OF YHE FILE IS TO BE ASSUMED BY
CEFAULY. THE THIRD PARAMETER mR%", SPFCIFIES THAT IF THE RECORD
IS SUCCESSFULLY REAT (1., Es AS LONG AS YHE LIST IS5 NOY EMPTY
ANC AN END~GF—DATA IS NOT REACHED ON "DS™), THE NEXT STEP GF
THE PRGCEDURE TQ BE EXECUTEC IS THE ONE LABELLED "R". WHEN
WREADS™ FAILS, EXECUTIUN PROCEEDS WITH THE NEXT STEP QF TME
FROCEDURE.

THIS STATEMENT wIlLe IN EFFECT, CAUSE THE WHOLE DATASET TOU BE
READ SEQUENTIALLY.

5. PRINT TIMING STAT!STICS. "SINMULATED TIME™ IS THE AMCUNY OF
TIME THF PROCESS wlULD TAKE AS COMPUTED BAY THE SIMULATION.
HREAL TIME® [S CPU TIME USED BY THE SIMULATICN PROGRAMS,
WREDUCTION™ IS THE RATIO OF THE FCRMER YO THE LATTER.

6. AT PROCEDURE TERMINATION, A PROCENURE STATEMENT YRACE IS

PRINTED OUT, IT IS A LIST OF THE STATEMENT NUMBERS OF THE
LASY 24 PROCEDURE STATEMENTS EXECUTED.
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DEFINE A PERSONNEL FILE, STORFD IN SFQUENTIAL FOPM (IN A 2314
DISKPACK. READ THE DATASET.

NCTES:

1. THE PERSCNNEL F:LE IS ORGANIZED AS FOLLUWS!
EACH EMPLOYEE MAS A MASTER SEGMENT CONTAINING HIS NAME, AGE,
ANC EMPLOYEE NO. (NO). THESE FIELDS HAVE 20, 2, AND 10
CHARACTERS, RESP, THERE ARE 1000 OF THFESE MASTER SEGMENTS
{THAT 1S, 1000 EMPLOYEES)s AND EACH SEGMENT HAS AN ATDITICNAL
10 BYTES NOT ASSIGNED TO FIELDS. ASSCCIATEN wlTH EACH MASTER
SEGMENT IS A LIST UF JOBS (J0B SEGMENT} AND A LIST OF THE
EMPLCYEE'S CHILCREN (CHLO SEGMENT), EACH JOB SEGMENT HAS A
JOB TITLE (TITL) FIELD AND A SALARY (SAt) FIELDs AND EACH
CHILD SEGMENT HAS A NAME, AGE, AND SEX FIFLD. THERF IS AN
AVERAGE OF 3 JCB SEGMENTS PER MASTFR SEGMENT, AND 2 CHILD
SEGMENTS PFR MASTER SEGMENT,

2. ALL SEGMENTS HAVE BEEN ASSIGNED TC CATASET ®0S*, HENCE ALL TYHE
INFORMATION ABQUT AN EMPLOYEE WILL BE STORED IN A SINGLF
RECCRD OF THAT DATASET, wHICH IS A SEQUENTIAL NATASET RESIDING
ON A 2314 CEVICE.

THE PRCCEDURF SPECIFIES:

3. PRINT THE SEGMENT AND DATASET TABLES. NOTE THAT EACH SEGMENT
IS LISTED TOGETHER WITH ITS FIELDS, AND THAT TOTAL SEGMENT
S1ZES HAVE BEEN COMPUTED. FURTHERMORE, wWHEN THE DATASEY PAR-
AMETERS ARE PRINTED OUT, TQTAL (AVERAGE) RECORN SIZF HAS BEFN
CCMPUTED FROM THE SEGMENT SIZES (42+¢3#%20+2#%25=154), NOTF ALSU
FROM THE EXTENT TABLE THAT "DS™ REQUIRES ThO CYLINDERS OF 2314
STORAGE,

4. READ THE WHOLE DATASET, PRINT TIMING STATISTICS.
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SPECIFY Twl INUEXFD-SEQUENTIAL DATASETS, ONE wITH CYLINDER-
EMBENDED UVERFLOW, THE CTHER WITH UVERFLOW ON A SEPARATE DFVICF.
REAT} 10CC WANDCM RECCROS FROM EACH DATASEY AND TIME,

NCYFS:
1. THE HARCWARE CUNSISTS OF SEVEN 2314 DISKS ON ONE CHANNEL.

2. Tad DAVASETS "CS517, AND "DS2"™ ARE SPECIFIED. THEY FACH HAVE
112200 80-CHARBCTER RFCORNDS, AND ARE TO RESINE NN 2314
OEVICES.,

THF ACCESS—METHUD-RELATED PARAMFTERS SPECIFY:

(1) THt PRIME DATA AREA IS CCCUPIED YO 1.1 VIMES IVS CAPACITYS
THAT [Se THE PRIMF ARFA IS FULL. AND AN EQUIVALENT 0OF 10%
CF ThE PRIME RECORDS IS STORED IN OVERFLOW, THIS MFANS
THAT (JF THE TOTAL NUMEER OF RECORDS IN THE DATASET
11220C), 1C2CCC ARE STORED UN PRIME TRACKS, AND 102970
ARE STORED CN OVERFLCw TRACKS.

(2) MASTER [INDEXES ARE TC SE CREATELC WHEN LOWER LFRVEL
INDEXES CCCUPY MORE THAN TwC TRACKS.

(3) DISTRIBUTICN "CLO™ IS SPECIFIED AS THE DISTRIBUTION OF
THE OVERFLCa CHAIN LENGTHS, 1T SPECIFIES THAT 60% OF THF
TRACKS THAT HAVE CVERFLOW RECDRNS HAVE UNLY UNE, 30% HAVE
TwGy AND 1C% HAVE THREE.

3. "DSI" HAS NC FILLS EXPLICITLY SPECIFIED, SO ITS PRIME (PR),
TRACK INCEX (TI)y, CVERFLCwW (DOF), CYLINDER INDEX (CI) AND
MASTER INDEXES (MI1l, M2, M[3), IF NEEDRED, WilLL BF SPECIFIED
8Y DEFAULTs AND wILL RESIOE ON 2314 CEVICES, ™PR™, "TI%, AND
Y FILES wiLL SHARE CYLINDERS, AND RECORD LENGTHS FOR THE
INDEX FILES wIll BF 10 PYTES. KEY LENGTH HAS NCY BEEN SPECI-
FIED ON THE ®"PARAM®™ CARC, SO IV IS TAKEN BY NEFAULT TO BfF 10
BRYTES,

9. "052% LIFFFRS FRUM wDS1* IN THAT A SPFCIFIC ASSIGNMENT QOF THE
CVEXFLCw FILE HAS EBFEN MALE TU DEVICE ®DEVS™, THUS PROVIDING
A SFPARATE CVERFLCw AKEA.

Se A LIST CALLEM "L IST" 1S PROVIDEC FOR USE BY THE PROCEDURE. IT
15 SPECIFIED TC BEf A RANDOM LISY OF 1000 INTEGER VALUES, YU
BE CHCSEN FROM THE RANGE 1-112200 (THF PANGE OF RECORD NUMBERS
CA ®DS1I% ANL ®5052¢),

THE PROCEDUKE SPECTFIES:

6« PRINT YHE DATASET PARAMETERS. NOTE THE DEFAULT SPECIFICATIONS
FCR PRIVE, CYLINDER INDEX, TRACK INDEX AND (FCR "DS1") OVER-
FLUw FILES THAT HAVE BEEN SUPPLIED BY YHE SYSTEM,

T. RESET A TIMER TC ZERQD.
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B. USING RANDOM ACTESSING, READ FROM "DSI® THE RECORDS SPECIFIED
8Y LIST "LISTH®, PRINT TIMING STATISTICS.

9. INITIALIZE ®LISY™ TO ITS ORIGINAL STATE AS DEFINED IK THF
LIST SPECIFICATION,

10. RESTQRE THE SYSTEM TC TIME O.

11. READ FRCM "DS2%™ ANC TIME. NDTE THAT THE TIME TC READ FROM
"NS2" |5 NOT SIGNIFICANTLY CIFFERENT FRGM THE TIME TAKEN TO
READ FRCM "DS1%", THE EXTRA TIME NEEDED FOR "0S2"™ TC PERFQORWM
OVERFLOW SEEKS {(ITS OVERFLOW RECORDS ARE SPREAD RANDOMLY OVER
TWELVE CYLINDERS) IS CFFSET BY THE FACT THAT THE PRIME RECORDS
OFf *NS2" ARE SPREAC OVER ONLY 179 CYLINDERS, AS OPPOSED T 200
FCR "DS1%,
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CONSTRUCY ThO SEQUENTIAL CATASETS THAT SHARE CYLINDERS ON A 2314
DEVICE. CONSVRUCT TWO MORE DATASETS wWITH THE SAME CHARACTERISTICS
BUT CCCUPYING SEPARATE EXTENTS CF A 2314 DEVICE. MERGE THE FIRST
Tw( DATASETS, TIME, THEN MERGE THE SECOND TWN DATASETS AND TIME,

NOTES:

1.

z.

4.

5.

THREE 2314 DISK DRIVES NN TwC CHANNELS ARE SPECIFIED,

*DS1™ IS SPECIFIEC AS A SEQUENTIAL DATASET WITH FULL=-TRACK
(7294 BYTES) RECORDS TO BE STORED ON 2314 DEVICES. ITS ASSOC-
TATED FILCy "FLLI™ IS ALLCCATED ACROSS 200 CYL INDERS, JCCUPYING
15 TRACKS CN EACH CYLINNER,., THE NUMBER CF RFCCRNS CF "pSln

IS NCT SPECIFIED, BUT IS TC BE INFFRRED FROM THE AMOUNT CF
SPACE ALLOCATEC.

"DS2" IS ANCTHER SEQUENTIAL CATASET. ITS ASSOCIATED FILE
SHARES EXTENTS WITH "FLI", CCCUPYING FIVE TRACKS PER
CYLINDER.

"DS3" AND ®DS4™ ARE CATASETS SIMILAR TG "DS1™ AND ®nS2vw,
NDIFFERING CNLY IN THAT INSTEAD OF SHARING CYLINDFRS ACRDSS A
DEVICE, THEY OCCUPY FULL CYLINDERS IN SEPARATF EXTENTS DN THE
SAME CDEVICE.

"DS5"™ [S AN BUTPUT CATASET FCR THF MERGE CPERATIINS,.

THF PROCEDURE SPECIFIES:

6.

7.

9.

10.

PRINT DATASET PARAPMETERS. NCTE THAT THE NUMBER 0OF RECORNS IN
EACH DATASET HAS BEEN CCMPUTED FROM FILE AND EXTFENT PARAM-
ETERS.

WSYNCHRONI ZE® OQPERATICONS "AT LABELS "RD1®" AND “RD2" IN THE
SENSE THAT A TRANSFER TC “RD1® OR "RD2" WILL RESULT IN AN
“INDETERMINATE TRANSFER®™ TO ONE CF THE LABELS, 0ON THE HASIS
THAT THE LISTS SPECIFIED AT THE TwO LABELS SHCULD BE EXHAUSTEN
AT APPROXIMATELY THE SAMF TIME. THIS, IN EFFECY, SIMULATES
MERGE-TYPE OPERATIONS BY INTERLFAVING READS UN ®DSE*™ AND
"DS2", BUT IN A RANDOM FASKFION. THE SPECIFICATION "ENDL™
INDICATES THAT WHEN BOTH LISTS ARE EMPYY, CCNTROL TRANSFERS

TC LABEL ®ENDIL"™.

THE ®WREADS™, “READS™, “WRITS®™ SEQUENCE SPECIFIES A SEQUENTIAL
READ FROM ®mDS)®™ DR “DSZ%, FOLLOWED BY A SEQUENTIAL WRITE TO
mCS5%. THIS SEQUENCE IS REPEATED UNTIL "DS1™ AND "DS2% HAVE
BEEN READ IN THEIR ENTIRETY.

PRINT TIMING STATISYICSy RESTORE THE SYSTEM TO TIME 0., AND
REPEAT wiTH DATASETS #0S3%w AND *DS4v.

NOTE THAT THE SECOND OPERATION TAXKES CONSIDERASBLY LCONGFR THAN

THE FIRST, AS EXPECTED, SINCE A SIGNIFICANT AMOUNT OF ARM
MOVEMENY TAKES PLACE WHEN MOVING BETWEEN “DS3% AND ®DS4n,
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4.5 ODEFINE A HIERARCHICALLY STRULCTURED DATABASE; ASSIGN IT TO THRFE
DATASETS, TWO SECUENTIAL AND ONE INDEX-SEQUENTIAL (NO OVERFLOW).
DEFINE A SET OF QUALIFICATIONS, ANC ACCESS THE DATASETS BASED ON
THESE QUALIFICATICNS.

NCTES:

l. THE SEGMENT HIERARCHY AND ASSIGNMENT TC DATASETS [S GRAPH-
1CALLY OFSCRIBED IMA FIGURE 4.5.1

IR eRN AR AR AR e R ke
* %

* DATASET DS1 = SRR AXRR R AR RERRRE

L] - * *

* Sl » * 57 .

& % - . - - . . *

* * , ° E * - . =

* . . * * . . *

* L] ® a L] & - - ®

* $2 = §3 =% * S8 S9  »

* . - * * x *

* . e . L » E ] x

* . . . L L * DATASET DS3 L

* - - - » * ] L3

* sS4 S5 S¢ ® SRARKRERRRERERER KL
* * *
* * .
* CATASET DS2 » *
* * *

ARRRREREEB SRR LS ETEERES IS AR R R KA

FIGURE 4.5.1

2. SCME CF THE SEGMENTS HAVE FIELDS ASSIGNED TO THEM WHOSE
VALUESy IN TURNy ARE CHARACTERIZED BY DISTRIBUTIONS:; FOR
EXAMPLEy FIELC "4.1" IS CHARACTERIZED BY DISTRIBUTION "aA2W,
WHICH SPECIFIES THAT ThE FIELC CONTAINS ONE OF TWD VALUES:
"31%, WHICH CCCURS 90% CF THE TIME, AND %82% WHICH OCCURS 102
OF THE TIME. NOTE THAT UNLIKE "“A2", THE OTHER DISTRIBUTIONS
HAVE BEEN SPECIFIED IN CUMULATIVE FORM, A USER OPTION,

FIELDS M241" AND "7.1" ARE ®SORT* FIELDS. NOTE THAT £ACH OF
THESE FIELDS IS IN THE HIGHEST LEVEL SEGMENT OF ITS DNDATASET.
THE RECORDS OF DATASETS ®“DS2" AND "DS3™ WiILL BE ORDERED ON
THESE FIELDS.

3. THE QUALIFICATION SPFCIFICATICN ILLUSTRATES THE THREE YYPES OF
QUALIFICATION STATEMENT:

Q1" (A FIELO CUALIFICATION) STATES THAT AN ®S2w SEGMENT QUAL-
IFJES BY "Q1" IF FIELD "4.1% HAS VALUE %B2%,
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4.

"Q3" (A BOCLEAN QUALIFICATION) STATES THAY AN ®S2% SEGMENT
QUALIFIES BY "Q3" IF IT QUALIFIES BOTH BY "QI™ AND "(C2w,

"Qs® (A SECMENT QUALIFICATTON)} STATES THAT AN "S1® SEGMENT
QUALIFIES IF IT HAS FXACTLY ONE (™EQ,1%) wS2" SEGMENT SUBDRD-
INATE TO 1T THAY QUALIFIES 8Y ®Qlw,

FOR ILLUSTRATIVE PURPCSES (THEY ARE NOT USED), TwO LISTS BASED
CN QUALIF{CATICN ARE SPECIFIED. ®LL1S™ IS TO AE A SEQUENTIAL
LISY BASED ON QUALIFICATION "GL™; THAT IS, THE LIST ELEMENTS
ARE RECORD NUMBERS OF RECDRDS QUALIFIED BY "Ql™, AND ARE
ARRANGED IN SORT ORDER. ®L1R® DIFFERS FROM "L1S® [N THAT THE
RECORD NUMBERS ARE BRRANGEL IN RANDCM QRDER.

THE PROCEDURE SPECIFIES:

Se

te

7.

PRINY THE SEGMENY TABLES

PR INT THE CATASET VARLES. NOTE THAT ®»DS1®, »DS2", ANL "DSI¥
HAVE 10000G, 3CO00C, AND 10000 RECORDS, RESPECTIVELY, WHICH
ARE THE NUMBER DF SEGMENTS n5iw, w52%, AND ™S7%, RESPECTIVELY.
{EACH OF THESE SEGMENTS IS THE HIGHESY LEVEL SEGMENT ON TTS
NDATA SET). NOTE ALSO THAT DEFAULT ®PARAM® PARAMETERS ("PPFv™,
WNMLY, UKL, AND "CLDO™) HAVE BEEN SUPPLIED FOR INDEX-SEQUENTIAL
DATASET “DS2", AS A RESULT, "™DS2" CONSISTS ONLY OF PRIYME,
TRACK INDEX, AND CYLINDER INDEX FILES.

PRINT QUALIFICATION TABLES. IN ADDITICN TQ THE INPUT INFORN-
ATION, THESE TABLES ALSC SUPPLY SCME RESULTING QUALIFICATION
INFORMATION: "LRC™ WwHICH IS THE "LOW RECORD GQUALIFYINGY, ®HRQ"
WHICH IS TrE ®HIGH RECCRD QUALIFYING™,; AND "NRQ™ WHICH IS THE
NUMBER OF RECORES CUALIFYING N THE INTERVAL [“LRQ","HRQ"),

nQ1W IS A FIELD QLALIFICATION ON FIELD "4,1", WHICH IS IN
SEGMENT "S4® wHICH RESTDES ON DATASET ®DS2¥ - HENCE "Qiv
QUALIFIES 570CC RECCRDS ON #DSZ" RANCUMLY CCCURRING OVER THE
WHOLE DATASET. THIS NUMBER IS ARRIVED AY AS FOLLOWS:

FIELD ®4.1" EQUALS "g2" 10X CF THE TIME, HENCE 10% OF THF
W54n SEGMENTS CUALIFY, A RECCRD OF mS2» IS PRESUMED TG QUAL-~
IFY Y »Ql® IF IY HAS AT LEASY ONE %S54% SEGMENT THAY QUALI-
FIES. SINCE THERE ARE ThO %Se% SEGNENTS PER RECORD OF *DS2w=,
THE PROBARILITY THAT A RECCRC OF #0S2® OCES NOV QUALIFY ISt
{1 -~ J1C)Ie%2
ANC THE PROBABILITY THAT IT DQES IS:2
1 = {1 - 10)%e2 2,19

HENCE THERE ARE (.191#{300000! = 57000 RECORDS OF ®»DS2" THAY
QUALIFY BY wQlw,
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9.

10.

11.

"Q2", "Q3 'y AND ™Q4"™ ARE ALSO QUALIFICATIONS ON ®DS2%. *Q5% IS
A QUALIFICATION ON *“DS1%, AND ®Qé&%, ™Q7™, AND "QR"™ ARE QUAL-
IFICATIONS ON *DS3®. THE LATTER THREE INVOLVE A SORY FIELD,
HENCE QUALIFY CNLY OVER A SUBSEY OF THME WHOLE DAYASEY RECORD
RANGE .

"Q4" AND ™QS5™ ARE NOT USED fY TwE PROCEDURE, BUT ARE INCLUDED
TO ILLUSTRATE THE “OR"™ BOOLEAN AND SEGMENT QUALIFICATIONS,
RESPECTIVELY.

PRINY LIST TABLES. NOTE THE ENTRIES FOR "L1S" AND "L IR", EACH
CONSISTS OF 57000 INYEGERS BETWEEN 1 AND 3000C0, WHICH IS THF
SET OF RECORD NUMBERS QUALIFIED 8Y "GL". "L1IS" IS5 A SEQUENTIAL
LIST (wSQ®) AND "LIR™ IS A RANDCM LISY ("RQ%)

LIST w//71™ [S AN WEMBEDDED®™ LIST: THAT IS, IT wAS EMBEDDED IN
PROCEDURE STATEMENT 1.

LISYS “//72% AND %//3% REPRESENT LISTS IMPLIED AY PROCECURE
STATEMENTS LABELLED ®"X™ AND “wyw, RESPECTIVELY. LIST ®//2% IS
A SECUENTIAL LIST, SINCE THE OPERATION AT *X% [S A MREADS"
(READ SEQUENTIAL), AND IS BASED ON QUALIFICATION ™Q8%, AS
SPECIFIED B8Y THE MODIFIER AND DBJECT AT nxw, SIMILARLY, "//3"
1S A RANDCM LIST BASED ON QUALIFICATION *=Q3%,

SET A TIMER TO ZEROs READ (USING SEQUENTIAL ACCESS) THE
RECORDS QUALIFIED BY %Qa", AND PRINT TIMING STATISTICS. REPEAT
FOR QUALIFICATION "C3», USING RANDOM ACCESS (1SAM),

NOTE THAT 5500 PROCEDURE STATEMENTS HAVE BEEN EXECUTED. THIS
NUMBER CAN BE BROKEN DOWN AS FDLLONWS:

299242500 TO READ QUALIFIED RECORDS
2 “READS™ AND "READR™ wHICH FAILED {DUE TO END-OF-
LIsST)
6 CTHER PROCEDURE STATEMENTS (INCLUDING "FND*)

NOTE THAT THE "READS™ TOCK AN AMOUNY OF TIME NEFDED TQ RFAD
114 TRACKS DF 2314 STORAGE (2965 = 25%114 APPROX) WHICH
ACCOUNTS FOR REACING FROM THE BEGINNING OF DATASET "DS3® DOWN
TQ RECORD 5000.
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EACH
CODE
EACH
WHAT
ARE:

CLASS

CLASS

CLASS

CLASS

CLASS

CLASS

CLASS

ERRCR CONCITIONS

ERROR THAT CAN BY DETECTEL BY PHASE 11 HAS A UNIQUE ERRDR
ASSIGNED TO IT, AND FALLS INTO ONE OF SEVEN ERROR CLASSES.
ERROR CLASS [S ASSCCIATED wWITH A TYPE GF ERROR, AND DETFRMINES

WiLL BE

THE OISPQOSITION CF THE ERROR CCNCITION. THE CLASSES

WARNING - CCNTINUE PROCESSING

ERROR DURING PROCFDURE EXECUTION = GO TO ERROR LABFL
IN PRCCECURE, If PUSSIBLE. CTHFRWISE, DUMP ALIL
TABLES AND FLUSKF DChN TU NFXT CONTROL CARD.

ERROR DETECTEC IN [INPUT — FLUSH DOWN TO NEXT CCNTRNL
CARC, DELETE EXECUTION OF THE PROCENURE

ERRUR DETECTEDN DURING INTERPRETATICN 0OF TABLES -
CONTINUE, BUT CELETF EXECUTICN 0OF THE PROCEDURE

SYSTEM ERRCR -~ DUMP ALL TABLES, FLUSH DOWN TC NEXT
CCNTROL CARD - DELETE EXECUTION OF THE PROCEDURF

CATASTRCPHIC ERRCR = ABENC

MILD ERRCR IN INPUT - CONTINUF, DFLETE FXECUTION
CF THE PROCECURE

THE FOLLCWING IS A LIST AND CESCRIPTION OF ALL ERRCRS NETECTABLE
8Y THE SYSTEM:

CCCE DESCRIPTION CLASS ROUTINE
1 ATTEMPT TC REOPEN AN ALREADY OPEN FILE 1 OPEN
2 ATTEMPT TO QPEN TOO MANY FILES AT ONCE 1 OPEN
3 AYTEMPT TO CLOSE A FILE THAT IS NOT OPEN 1 CLOSE
4 ATTEMPY TC CLCSE A FILE WHICH HAS /0 REQUESTS

- PENDING THAT ARE NOT KNOWN YO THE SYSTEM 1 CLOSE
5 ATTEMPT TO QPEN SECUENTIAL FILE WITH BUFFER TYPE

CTHER THAN 'M*, °*L* OR BLANK. 1 OPEN
6 NCT ENOUGH DEVICES OF A REQUIRED TYPE TO SATISFY ALL

SPACE REQUESTS 3 ALLOC
7 DEVICE REFERRED TO BY FILE DCES NOY EXIST 3 ALLOC
8 FILES SHARE CYLINCERS, BUT THEIR REQUIREMENTS DO NOT
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11

12
13

14

15
16

17

18

19

26
21
22
23

24

25

2¢

27

MATCH
REQUESTED RECCRD NCOT IN FILE
NO DEVICE CLASS ASSIGNED TO FILFE

FILE REFERRED TO BY FILE wWITh WHICH [T SHARES
EXTENTS DOES NOTY EXIST

CEVICE ASSIGNEC TO FILE DOES NOT EXIST
DEVICE CLASS ASSIGNED TO FILE DCES NOT EXIST
UNACCEPTABLE LIST INPUT:
(1) LIST TVABLE FULLL
(2) LITERAL LIST CONTENTS TABLE FULL
(3) LITERAL LIST CONTENTS KEYWORD NOT BLANK
(4) INCCRRECT KEYWORD
ATTEMPT TO USE AN ILLEGALLY SPECIFIEC LIST
SAME
A REAL OR ALPHAMERIC LIST HAS BEEN SPECIFIED - AN
INTVEGER LIST IS RECUIREC, OR VICE~-VERSA
LIST TYPE INCCRRECTLY SPECIFIED
LIST INCURRECTLY SPECIFLED:
(1) ALPHAMERIC LISY HAS BEEN SPECIFIED AS
SEQUENT] AL
(2} RANDOM/SEQUEMNTIAL LIST RAS BEEN SPECIFIED AS
REAL OR ALPHAMERIC
(3) RANDOM/SEQUENTIAL LIST HAS BEEN SPECIFIED wWlTH
MORE ENTRIES THAN ITS INTERVAL PROVIDES
LIST TABLE FULL
ATTEMPT YO DEFINE TOC MANY CREATED LISTYS
ATTEMPY TO "PLT™ INTO LISYT WITH ILLEGAL MODE
CUY OF LITERAL LIST ENTRY SPACE

DISTRIBUYICON SPECIFIED FOR RANDOM LIST DCOES NOY
EXISY

NCN-UNIFORM DISTRIBUTICN SPECIFIED FOR RANDCM/SF~
QUENTIAL LIST

ILLEGAL ®PLT™ - LIST ALREADY CREATEC

ATTEMPT TC KEAC BEYCND FND-~OF-DATA

VII-57

ALLOC
LOCATE

IFL

IFL
IFL
1fL

RUT

IGET
GET

ey

[

CREATL
CREATL
PUY

PUTY

It

Ll
PUY

READS




28 ATTEMPT TO wRITE TCC MANY RECCRDS TC FILE

VII-58

1 WRITS
29 ILLEGAL 1/0 RECQUEST: 1
(1) READ ON FILE CPENED FOR WRITE READS
{2) WRITE ON FILE CPENED FOR RFALC WRITS
(3) UPDATE CN CLCSED FILF, OR ONFE NCTY OPEN FOR READ
IN LOCATE MODE 1 UPDATS
30 INPUT LINE EXCEEDS 130 CHARACTERS 2 INTERP
31 MASTER HAS [LLEGAL TYPE FIELC 4 INTERP
32 ILLEGAL CHARACTER IN INPUY FIFLDs CR ALPHAMERIC
FIELD EXCEECS FOUR CHARACTERS & IMTERP
33 PROCEDURE HAS TCC MANY STEPS 2 RPR
34 UNRECCGNIZED OPERATION IN PRCCEDURE ¢ RPR
35 TOC MANY UNRECCGNIZED OPERATIONS IN PRUOCEDURE -
APPARENTLY WHAT IS BEING READ IS NOT A PROCEDURE 2 RPR
36 INPUT/0UTPUT QUELE TABLE OVERFLOW - TGC MANY
PENDING 1/0 REQUESTS WITHOUT INTERVENING WAITS, 1 AC
37 PENDING 1/0 REQUEST IN BUFFER NOT RFCCGNIZED
BY SYSTEM 4 RESET
38 ERRCR IN CISTRIBUTION INPUT: 2 RDI1
{1) TOC MANY DISTRIBUTIONS SPFCIFIED
(2) TCO MANY ENTRIES IN DISTRIBUTION CONTENTS TABLFE
{3) INCORRECT KEYROQORD
39 DISTRISUTICN INCURRECTLY SPECIFIED: 0 RDI
(1) MGDE NOT A, P, OR 1
{2) TYPE NOT D OR C
{3) FIRST VALUE CF CONTINUCUS DISTRIBUTION NOT 0.
(4) DISTRIBUTION DOES NDOT ACCUMULATE TO 1.
40 ALPHAMERIC OISTRIBULTYION SPECIFIED AS wC®; npw
SUBSTITUTFD 0 RDI
41 ATTEMPT TC USE AN INCORRECTLY SPFCIFIED DISTRIBUTION.
RUUTINES: DISTV.DISTC,DISTALIDISTA4DIST,IDIST 1
42 ILLEGAL USE OF IDIST FUNCTION: S -1 TDISTY
{1} REAL OR A{PHAMERIC DISTRIBUTION - (NTEGER
DISTRIBUTION REQUIRED
{2) LCw QR HIGH VALUES DO NCT MAYCH DEFINED VALUES
OF DISCRETE DISTRIBUTION
{3) LOW OR HIGH VALUES NOT IN RANGE OF INTERPOLATE
DISTRIBUTION
SYSTEM ERRQR — DISCRETE DESVRIBLTICN 4 IDIST

g, e e YR
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44 SYSTEM FRAOR -~ CONTINUCUS DISTRIBUTION 4 IDIST

45 SYSTEM ERROR - DISCRETE DISTRIBUTION 4 DIST
4t SYSTEM ERROF — CCNTIANUOUS DISTVRIBUTION 4 DIST
47 TLLEGAL USE CF NIST FUNCTICON:S 1 DIST
(1) INTEGFR DJISTRIBUTION - REAL CR ALPHAMERIC
REQUIREL
(2)=1(3) AS [N 42
a4t NCT USEDR
49 GIVEN ARGUNMEAT DNES NOT MATCH A DEFINED ARGUMENT FOR
AN ALPHAMERIC CISTRIBUTICN 1 DISTYV
90 GIVEN ARGUMENT DOES NOT MATCH A DEFINEC ARGUMENT FODR
AK INTEGER DISTRIBUTION 1 DISTV
51 ATTEMPT TO USF CISTY (FNR CISCRETE DISTRIBUTIGNS)
GN & CCNTINUGUS DISTRIBUTIGN 1 DISTV
52 GIVEN ARGUMEANT DCES NOT MATCH A DEFINEC ARGUMENT FOR
A REAL/CISCRETE DISTRISBULTION 1 DiSTV
53 SAME AS 49 1 DISTC
54 SAME AS SC 1 PISTC

25 GIVEN ARGUMENT DOES NOT MATCH A TABULATEC ARGUMENT 1 DISTC
FUR A REAL/DISCRETE DISTRIBUTION, OR DOES NOT FALL
WITHIN THE RANGE OF A CCNTINUGUS DISTRIRUTIGON

56 DISTRIBLTICN REFERFNCEC DGES hCT HAVE INTEGER VALUES 1 IDISTA
OR GIVFN VALUE QUT-CF-RANGE

57 DISTRIBUTION REFERENCEC OCES NOT HMAVE REAL OR ALPHA- 1 DISTA
MERIC VALUES, OR GIVEN VALUE IS CUT—-0OF-RANGE

SE& ERRUR IN HARCWARE IANPUT: 2 RHD
(1) TOD MANY CHANNELSs CCNTROL UNITS, OR DEVICES
SPECIFIED
{2) TOQ MANY CCNTRCL UNITS ASSIGNED TC ONE CHANNEL,
(3) TOD MANY CHANNELS ASSIGNED TO ONE CONYROL UNIT
. (4) INGORRECY KEYWORD
{5) TOD MANY DEVICES ASSIGNED TO ONE CONTRGL UNIT

59 FRROR IN BEVICE CLASS [IAPUT: 2 RDP
{l1) TOD MANY CEVICE CLASSES
{2) INCGRRECT KEYWORC

60 TABLF REFERRED YO BY DEVICE CLASS ENTRY DOES NOT

EXIST . : 3 jop

61 CEVICE CLASS REFERRED TC BY DEVICE ENTRY DOES NOT
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62

63

64

€5

66

67

66

6%
70

71

12

13

14
15
16
LA

18

EXISY
ERRCR IN TABLE INPUT:
(1) 700 MANY TABLE ENTRIES
(2) TCO MANY TABLE CONTENTS ENTRIES
(3) INCORRECT KEYWORD
ERROR ON CALL TO TABLE-LOOK-UP:
(1) TABLF ARGUMENT TYPE CR VALUE TYPF NCT I, R, NR
A.
{2) FUNCTION TYPE NCT I OR 5§
FOR A FUNCTION WHOSE VALUES CR ARGUMENTS ARE
ALPHAMERIC,y THE GIVEN ARGUMENT DQOES NOY MATCH
A TABULATED ARGUMENT
ERROR IN CATASET INPUT:
(1) TOO MANY DATASETSy FILES, OR EXTENTS
(2) TCO MANY FILES ASSOCIATFO WITH ONE CATASET
{3) UNDEFINED DATASET TYPE
(4) PAKAM CARD SUPPLIED WITH SEQUENTIAL DATASET
(5) INCORRECT KEYWORD

INVALID DATASEY YYPE - DATASEY PRINT (OR DUNP

INVALID DATASET TYPE

ATTEMPT TO EXECUTF PROCEDURE STATEMENT HAVING A
PREVIOUSLY DETECTED ERRCR

INVALID ERRCR COQOF
CCNTROL CARD DOES NOT HAVE #, DR HAS ILLEGAL KEYWORD

SYSTEM CANNOT FIND "SYNC® 0P ASSCCIATED wITH A SET
OF SYNCHRONIZEC QPS

ILLEGAL CP NUMBER IN PROCECURE

SAME

NGY USED

LIST REFERRED TO IN PROCEDURE NCOTY FOUND
LABEL REFERRED YO BY PRJUCEDURE NOT FOUND
LABEL REFERRED TD BY ™SYANC™ NCT FGUND
ERROR IN SEGMENT INPUT:

(1) TOO MANY SEGMENTS OR FIELDS
€2) INCORRECT KEYWORD
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10V

RTB

TABLE
ITABLE

TABLE
[TALLE

RDS

PDS
ans

10S

EXPR
MAIN

MATIN

EXPR

EXPR
1PR

AUXPR]
AUXPRE

IPR
1pR
EXPR

RSG

ot el bt
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R S

19

H1

B2
83

Hée

85

86

87

8d

89

9Q

91

92

93

94

95

56

37

58

99

REFERENCED SUPERIDR SFGMENT DOES NOT EXIST
DATASEY REFERRED TC BY SEGMENT DOES NOT EXIST

NUMBER-PER-SUPERIOR-SEGMENT FIELD IN SEGMENT INPUT
IS {ERT

A SEGMENT IS SUPERIOR TO IVTSELF
DISTRIBUYICN REFERRED TO BY FIELD CANNOT BE FOUND

CAYASET ASSOCIATEC WITH SFCCNDARY INDEX CANNOT BE
FOUND

SEGMENTS ON SAME CATASET DC AGT HAVE THE SAME
DATASET MASTER SEGMENT

A KEY FIFLD IS IN A SEGMENT WHICH 1S NGT A DATASET
MASTER

THERE ARE MORE THAN CNE SEQUENTIAL KEY FIELDS CN
THE SAME DATASFET

TLLEGAL TYPE IN MASTER ~ SYSTEM ERROR WHICH RESULTS
CNLY IN GARBLEC CuTPUT

ERRCR IN CUALTFICATION INPUT:
{1) TCG MANY GUERIES
(2) INCODRRECY KEYWCRD
ILLEGAL TYPE — CCNVERT ARGUMENT
ILLEGAL CHARACTER IN NUMERIC VALUE
TLLEGAL RELATICNAL CPERATOR IN QUALIFICATION
FIELD REFERRED TO BY QUALIFICATICN DOES NOT EXISY
SEGMENT REFERRED TC BY QUALIFICATION DOES NOT EXIST

QUALIFICATION REFERRED T0 BY QUALIFICATION DOES NOT
EXIST

QUALIFICATIONS FORM A CIRCULAR DEFINITION

JUALIFICATIONS REFERREL TO AY A ROOLEAN
QUALIFICATIGN DC ACT QUALIFY THE SAME SEGMENT

"SEG™ AND THE SEGMENT QUALIFIED BY "Q3® ARE NOT
LINEALLY RELATED. SEE DESCRIPTICN OF SEGMENT
CUALIFICATION.

THE ®“NO® PARAMETER IS IMPROPERLY SPECIFIED IN A
SEGMENT QUALIFICATION. IV MLST BE A NON~NEGATIVE
INTEGER NCT GREATER THAN THE NUMRER OF SEGMENTS
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I1FD

ISG

HEAD

RQU

CONVER
CCNVER
1Qu
1Qu

1QU

1Qu

1qu

QU

1Qu




1Cl
162
103

104

105
1Cé6

107

108

109

116

117
118

119
120
121

USEG!" PER SEGMENT QUALIFIED 8Y "Q3v, SEf NESCRIPTICN
OF SEGMENT QUALIFICATION, SECTION 3.3.

QUALIFICATION REFERREN TO BY LISYT (BASED CN QUALIF-
ICATION) DOES NOT EXIST.

TCO MANY ISAM CAVTASETS
SAME
NOV USED

CONTRADICTGRY PRIME, CVERFLOW, AND TRACK INDEX
PARAMETERS SPECIFIFL

RANDOM ACCESS TD NUN-RANCCM DATASET
SAME

NC SPACE LEFT IN FILE TAdLE FOR FILE CREATEL BY
CEFAULT

A FILE REQUIRES TCC MANY EXTENTS

OVERFLUW~CHAIN=-LENCTH=-DISTRIBUTION REFFRRED TO RY
ISA» PARAMETER LIST DCES NOT EXIST

CATASEYT REFERRED TC BY ACCESS OP IN PROCEDURE DOES
NOT EXIST

SAME FCR FIELD

SAME FOR QUALIFICATION

ACCESS 0P IN PROCECURF HAS ILLEGAL MODIFIER FIELR
LUMBER CF BUFFERS IN AN WCPEN" ACCESS 0OP IS ILLEGAL

INCORRECT LOGICAL FILE FCPR OUTPUT IN PRINT, 0OuMP, CR
TRACE PROCEDURE STAYEMENT

NO LISY SPECIFIED IN PRINT, DUMP, GR TRACE PRUCEDURE
STATEMENT

TOO MANY TIMERS RECUIRFD BY PROCEDURE

ERROR LABEL SPECIFIEC BY “ERROR®™ PROCEDURE STATEMENY
DOES NOT EXISTY

ATTIEMPT TO UPDATE A DATASEY CF A TYPE NOT UPCATASBLE
ATIEMPT TO CREATE TQU MANY FILES IN UNE DATASEY

EXTENT BGUNDS INCOMPATIALE WITk NC. OF CYLINDERS ON
THE DEVICE
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It
AX1S

IXts

[x1s
RFADP

WR1TR

CREATF

ALLcC

IXIS

IPR
1pe
PR
PR

FXPR

108

0 IPR

iPR

I1PR

CEXPR

IX1S§

ALLOC




122
121

1724

12%
12¢
127

128

13¢

121

133

134

135
136
137

138

CISTRIABUTICN TABLE FULL
ATTEMPT TO CREATE 70O MANY OFFAULT DISTRIBUTIONS

ATTEMPT TN "PLTO™ INTU CISTRIAUTICN WILL INVALID
MODE SPECIFICATION

CUT OF DISTRIBLTICN CONTENTS SPACE

ILLEGAL “PUTD"™ =~ CISTRIRUTION ALREADY CREATED
RESERVED

RESFRVED

PESFRVED

RFSERVEL

RESFRVFD

RESERVEL

RESERVED

NUMBER CGF OUTSTANNING REQUESTS CN A DIRECY ACCESS
DATASET EXCEEDS THE NUMBER OF BUFFERS AVAILABLE

SAME
A wAIYT HAS BEEN ISSUED CN A FILE WHICH IS NOT OPEN
RESERVED

RESERVELC

VIi-63

3 CREATD

3 CRFATYD

4 PUTD
3 PUTH

4 PUTD

1 READD
1 WRITD

1 WAITD




6.C MOOCL >IZE LIMITATIONS

THE FOLLOWING ARE THE BUILV-IN LIMITATIOUNS TO THFE SYSTEM DUE TO
TABLE SIZES:

ELEMENT MAXTMULM NUMAFR
CPEN FILFS 20
LISTS a0
DEFAULT CREATED LISTS 20
LITERAL LIST CONTENTS VALUES 400
STEPS IN PROCECURE S50
PENDING [/C REQLESTS 2n
DISTRIBUTIONS 30
DISTRIBUTION (ARG:VAL) PAIRS 400
CHANNELS 8
CONTROL UNITS 10
DEVICES 30
CONTROL UNITS ON ONE CHANNFL 10
CHANNEL S ATTACHED TO ONE CONTRCL UNIT 4
TABLES 20
TABLE (ARG,VAL) PAIRS 300
DATASETS 2¢
FILES 30
EXTENTS 200
FILES PER DATASET 10
SEGMENTS 20
FIELOS 8o
QUALIFICATICN SPECIFICATIONS ao
TIMERS 10
DEVICES PER CCNTROL UNIT 10
CEFAULY CREATEC DISTRIBUTIONS 20
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ACCESS METHODS

EACH DATASET YYPE (E. Geyp 75", "0v, "IS¥) HAS A CORRESPONDING
WACCESS METHOD"™ wWHICH 15 CMBCDIFD AS A PRNGRAM, AND DESCRIBES
ACCESSING CPERATIUONS ON THE CATASET. FOR EXAMPLE, A "SEQUENTIAL"®
OR "S®* TYPE DATVASET 1S ACCESSED USING THE “SEQUENTIAL ACCFSS
METHODY,

EACH CATASEY CCNSISYS CF CONE OR MORE WELEMENTARY FILES™
{HEREINAFTER CALLEC "FILES™)}, AND IT IS THE RESPONSIBILITY OF THE
ACCESS METHCD TO RELATE THESE FILES., AND DESCRIBE THE CPERATIONS
WHICH MUST BE PERFORMED ON THEM IN ORDER TC RETRIEVE A GIVEN
“LOGICAL RECOKC"™ CTF ThHE DATASEY. FOR EXAMPLE, A RFQUEST FOR
RECORD 123 OF AN INDEXEC DATASET MIGHT REQUIRE ACCESSES TC A
CYLINDER INDEX FILE,s A TRAUK INDEX FILE, AND THE PRIME DATA FILE
IN ORDER TO SATISFY THE REQUEST.

THE FILES CF A DATASET CAN BE SPELCIFIED BY THE MODELER AS PART
OF HIS MODEL INPUT, OR CAN BE SUPPLIED BY VHE ACCESS MFTHCD TO
THE EXTENT THAT IT IS PROGRAMMEC TG PROVIDE DEFAULT FILES.

THE THREE ACCESS METHCDS DESCRIBED HEREIN HAVE BEEN INCLUDED TO
ILLUSTRATE A RANGE OF “SOPHISTICATION®"™ OF ACCESS METHODS. THEY
ARE INTENTIONALLY SIMILAR TC THREE 1BM 0S/7360 ACCESS METHODS:
{1) BASIC DIRECT ACCESS METHOD (BNAM),(2) QUEUED SEQUENRTIAL
AUCESS METHCD (QSAM), AND (3) BASIC INDEX SEQUENTIAL ACCESS
METHOD (BISAM). THEY REQUIRF 165, 267, AND 817 LINES OF FORTRAN
CCDE+s RESPECTIVELY, TO INMPLEMENT.

FOR THE DISCUSSIUON THAT FOULLOWS. IT IS ASSUMED THAT THE LSER IS
FAMILIAR WITH THE BASIC CONCEPTS OF THE 0S/36C ACCESS METHODS
UNDER CISCUSSIONs &S DESCRIBED [N IBM PUBLICATION ((L28-6646),
¥18M/360 CPERATING SYSTEM, SUPERVISOR AND DATA MANAGEMENT
SERVICES",
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7.1

ACOING ACCESS METHCDS TC PHASE II

FCLLUWING ARE SOMF RRIEF NOTES ON ACDING ACCESS METHODS TN
PHASE Il. IN GENERAL, THE FOLLOWING STEPS WILL BE NEEDED:

(L) MGDIFY DATASEY RUUTINES ("DS® MNDULE) T RECOGNIZE A NEwW
CATASET TYPE, ANC CODF CALLS TO USER-SUPPLIFD ®REAN™, "PRINTT™,
AND "DUMP®™ ACCFSS-MITHOD-RELATELC PARAMETERS RCUTINES. IF THFRF
ARE NO ACCESS~NETHCD-RELATED PARAMETERS, THIS STEP MAY RHf
OMITTED.

(2} MCDIFY PRCCEDURE RCUTINES ("RPRW, MExpan, AND ®AUXPRY MODUYLT S,
TO RECOGNIZ2E Nfw PROCEDURE 0P CCDES TC BFE INTRODUCED (IF ANY),
AND PRCVIDE APPROPRIATE PROCEDURE STATEMENT INTERPRETATIUN AND
ZXECUTION SECTIONS.

{3) WRITE SEVFRAL SUBRCUTINES:

READ ACCESS-METHOD-RELATED PARAMETERS (IF ANY)

PRINT " " "

OUMP ¥ ”" n

INTERPRET CATASET; THAT iS, SEY UP THE DATASEY FILES TO
REFLECT THREIR INTERPRETATICN FOR THIS DATASET (RGANIZATION.
THIS MIGHT [INCLUDE THE CREATICN OF DEFAULT FILES NEFRED TO
CCMPLETELY SPECIFY THE DATASET., FOR A UNE—FILE DATASEYT, THIS
RCUTINE IS NCT NECESSARY,

EXECUTICN RCUTINES {CALLEC BY ™EXPRY™ CR "AUXPRE"™} WHICH
SIMULATE THE EXECUTION OF THE ACCESS METHQON,

DETAILS ABCUT THE PRECEDING CAN BESY BE COBTAINED BY EXAMINING THF
SAMPLE ACCESS METHANS WHICH HAVE BFEN PROVIDED WITH THE SYSTEM,
AND WHITH COVER A RANGE OF ACCESS METHCD CCMPLEXITY,

BASIC OIRECT ACCESS METHOD - TYYPE "™ DATASETS

A DIRECT ACCESS DAVYASET RFQUIRES CNLY ONF FILE TO REPRESENT IT.
ANY RIZORD OFf THE FILE MAY BF REACHEC DIRECTLY BY ADDRESS. AFTER
A READ U° WRITE IS INITIATED, CONTROL 1S RETURNED YO THE USER,
WHO MUST ISSUE A SUBSEQUENT "™WAITH" TC ENSURE THAT 1/0 HAS
COMPLETED. “READD®™ AND "WRITO" ARE ALLOWABLE ACCESS 0OPS FOR
DIRECT DATASETS,

QUEUED SEQUENTIAL ACCESS METHCD =~ TYPE %S%™ DATASETS

A SEQUENTIAL DATASET ALSO REQUIRES CNLY ONE FILF TO REPRESENT IT.
A GIVEN RECORD OF THE DATASET 1S ACCESSED BY PACING THROUGM THE
FILE, RECORD BY RECORC, UNTIL THE REQUESTFD RECORN I5 REACHED
(3TARTING WITH RECORC ONE, IF YTHE FILE IS NOT ALREADY OPENJ.,
SEQUENTIAL ACCESS ASSUMES SEQUENTIAL PROCESSING, SO RECORDS IN
AQDVANCE OF THE REQUESTED RECORD ARE ALSC READ IN, IN ANTICIPATION
CF UPCOMING REQUESTS. CCNTRUL IS NOT RETURNED TO THE USER UNTIL
THE RECCRD REQUESTED MAS BEEN READ IN. BUFFERING, IN BOTH THE
WMOVE®™ AND “LCCATEY MODE ARE PROVIDED. ™READS™, "WRITSY AND
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WUPLCATE™ ARF ALLUWASLE « _ESS CPS FOR SEQUENTIAL DATASETS, WITH
UPDATE ALLCWABLE CALY FL- OATASETS BFEING READ IN LOCATE MODE.

BASIC INDEX SEQUENTIAL ACCESS METHOND - TYPE "]S" DATASETS

INODFX SEQUENTTIAL DATASFYS ALLOW FOR RANOOM RETRIEVAL OF RECORNS
ON THE BASIS (F KEY VALUE. AN “[S" DATASET ALSD ALLOWS FOR
INSERTION UF Ntw RECORNS wiTHOUY REWRITING THE WHOLE DATASFT.
THESE FUNCTICNS ARF ACCCMPLISKHED BY THE USE CF HIERARCHICAL
TNOEXES ANC UVFRFLCwW AREAS,

TAdLF SIZES RFSTRICT ®IS" DATASETS TC A TOTAL NOF 10.

AN UTS® DATASET CCATATAS SEVERAL FILES, OF THE FOLLCWING TYPFS
AND DEFINITIONS ("TYPE™ IS A PARAMETFP OF A FILE DESCRIPTION, SEF
SECTION 3.4):

PR - PKIME FILE. THE NON-OVERFLCW CATA RECCROS ARE STORED ON
THIS FILF.

Tl - TPACK INCEX FILE. THRIS FILE SHARES EXTENTS wiTH THE PRIME
FILEL. THAT IS, EACH PRIME CYLINNER ALSO CONTAINS ONE OR
MORE TRACKS CF TRACK INDFX, FOR FACH TRACK OF PRIME FILE
CN A CYLINDER, THERE ARE TwQ RECCRNS ON THE TRACK INDEX,
CNE PCINTING TO THE PRIME TRACK WHOSE HIGHEST KEY IS THE
KEY CF THE RECNRD, ANC ONE POINTING TO THE OVERFLCW CHAIN
FCK THAT TRACK, [F ANY,

of - CVERFLCW FILEs THIS FILE CONTAINS THF CYERFLOW RECCRLS
FOR THF DATASET. IT MAY SHARE EXTFENTS WITH THE "PR*" AND
“YI" FILES, IN WHICH CASE ALL THE OVERFLCW RECORDS FQOR
4 CY! INDER ARE SYORED ON THE CYLINDER ITSELF, ON TRACKS
RESEF /END FOR THAT LSE, CR IT MAY BE CONTAINED IN AN
INCDEPENDENT OVERFLCW AREA. THE FCRMER IS THF DFFAULT
CPTION,

CI - CYLINDEW INDEX FILE. TRIS IS A SEPARATE FILE., CONTAINING
NONE RECORL FOR EACH CYLINDER CCCUPIED BY THF PRIME FILE.
EACH RECCRD PCINTS TO THE CYLINDER WHOSE HIGHEST KEY
IS THE KEY FLELD COF THE RECCRD.

MI1 MASTER INCEX FILES., "MIL" INDEXES THE CYLINDEFR INDEX,

ME2 CNE RECORC PER TRACK CF THE uCl®, FACH RECORD POINTS 70

MI3 YHE TRACK QF THE "Cl" WHOSE HIGHEST KEY IS THE KEY FIELD
OF THF RECORC. IN & SIMILAR wAY, "“MI2" INDEXES “MILl",
ANU *MI3%" INDEXES ™MI2", THE CREATION OF MASTER INDEXES
IS CCANTRCLLELD RY THE ®NM[® PARAMETER (SEE BELOW).

CUNTENTS QF INCEX FILE RECORDS ARE DIRECT ACCESS DEVICE ADDRESS
PUINTERS, AND BY DEFAULT ARE ASSUMED YO BF 10 BYTES LONG. ANY OR
ALL UF THE FILES OF AN "IS"™ DATASEY MAY BE LEFT TO DEFAULY
SPECIFICATICN RY THE ACCESS METHOD.
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FOR AN ®IS™ DATASET, SEVERAL ACCESS METHOD DEFINED PARAMETERS ARE
NEEOED TO COMPLETELY CHARACTERIZE THF DATASET. THESE ARE CONTAINED
IN A "PARAM™ CARD OF THE FOLLOWING FORM {SFE SECTION 3.,4):

PARAM PPF¢NMI +KL+CLD

AND ARE DEFINEC AS FOLLOWS:

PARM DEFINITION DEFAULT

PPF FRACTION OF PRIME AREA FULL. FOR EXAMPLE, 1.0
PPF = 1.0 MEANS THAY T+E PRIMF AREA [S FULL,s AND
NC RECORDS ARE STORED TN QVERFLOw, PPF = 1,1
MEANS THAT THE PRIME AREA IS FULL, AND THERE ARE
AN EQUIVALENT OF 10% OF THE PRIME RECDRDS STGRED
IN OVERFLOW, AND PPF = .9 MEANS THAT THFRE IS NO
OVERFLOW, AND THE PRIME AREA [S CNLY 90% FULL
(WIYH THE "HOLES"™ OISTRIBUTED EVENLY THRCUGHOUT
THE PRIME AREA).

NM | NUMBER OF TRACKS CF A MASTER [NDEX TO BF NO MItS
ALLOWED BEFORE A WIGHER LEVEL MASTER INDEX IS
CREATED

KL KEY LENGTH 10

cLo OVERFLOW CHAIN LENGTH DISTRIBUTION, THE OVERFLCW
RECORDS FCR A TRACK ARE CHAINED TOGFTHER; HENCE )
WHEN AN OVEAFLCW RECORD IS TC BE ACCESSED, NNE
CR MCRE RECORDS IN THE OVERFLOw AREA WILL HE
READ UNTIL THE RECQUESTEDN RECQORD IS REACHED. THE
USER MAY CONSTRUCT A DISTRIBUTION OF CHAIN
LENGTHS (I. E., THE YOTAL NUMBER OF CVERFLOW
RECCRDS TC BF ASSCCIATED WITH EACH TRACK) AND
PLACE ITS NAME IN THIS FIELD, OR CMIT TKE FIELD
AND ALLOw THE ACCESS METHCD TO CONSTRUCT THE
“NATURAL DISTRIBUTION®™ P(N), DEFINFO IN SECTION 12.2.

THE ®IS" ACCESS METHGD PROVIDES FOR RANDOM READINGy WRITING, AND
UPDATING CF RECORDS IN AN "IS™ DATASET BY MEANS DOF THE “READR",
"WRITR", AND “UPDATE™ ACCESS OPSs RESPECTIVELY.,

A RANDOM READ IS CARRIED OUT AS FOLLOWS:

(1) READ DOWN hIGHEST LEVEL "MI® SEQUENTIALLY UNTIL THE DESIRED
KEY IS YBRACKETED"

{2) CONTINUE YO READ LOWER LEVELS CF MASTER INDEX AND CYLINDER
INDEX TO LOCATE CYLINDER ON WHICH THE RECORD IS LOCATED

(3) READ "TI" TC FIND TRACK ON WHICH THE RFCORD EXISTS, OR IF IT
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1S AN OVERFLOW RECURGy CETAIN THE ANDRESS OF THE FIRST RECORN
IN THE OVERFLOwW CHAIN FCR THE TRACK

(4] READ THE PRIMF RECCRD, DR CHAIN CF QOVERFLOW RECORNS UNTIL THF
REQUIRED RECORD IS FCUND

A RANDCM wRITE (ASSUMEC TO BE AN INSERT) [S CARRIED OUT AS
FCLLOWS:

(1) (1)-(4) AS IN RANLCUFP READ

IF THE RECCORD IS TC BE INSERTED IN AN OVERFLCW CHATIN:

{5} ARITE A NEw RECCRD AT THE ENC CF THE CVERFLOW ARFA, AND
KEWRITE THE NEXT-TU~LAST DOVERFLOW RFCCRD READ TO UPDATE ITS
CHAIN PLCINTER

1F THE RECCRC IS TCO BE INSERVED IN THE PRIME AREA:

{5) RE-WRITE THE LAST BILCCK RFAD, REAL AND WRITE THE REMAINING
BLOCKS ON THE TRACK

{6) REWRITE BOTH TRACK INCEX RECCROS FOR THIS TRACK
{7) WRITE AN CVERFLOW RECORD AT THE END OF THE OVERFLOW ARFA

AN UPUDATE FCLLCWING A REAL MERFELY REWRITES THE LAST BLOCK READ,
wlTH NG INDEX SEARCH REQUIRED.,
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8.0 1/¢ SUPTRVISOR

THE 1/0 SUPERVISOR IS A PROGRAM (MODULE "AC™) WhICH ACCFPIS 1/D
REGUESTS,y MARSHALS THE REQUESTS THROUGH VARIOUS QUEUES, AND SEFES
THEM THROUGH TO CCMPLETION. [T MAINTAINS THE CLOCK AND THE
HARDWARE DEVILES (THEIR ROTYATIONAL DISPLACEMENT, ACCESS ARM
POSITION, AND STATUSs SUCH AS DEVICE BUSYs CHANNEL 8USY, ETC.).

IT IS IMPLEMENTED AS A SIMPLE EVENT DRIVEN QUEUING MODEL, IN WHICH
THE YSTATIONS® ARF DEVICES, CHANMAELS, AND THE CPU, AND THE
TEVENTS" ARF BEtGIN AND END SEEK, BEGIN AND END DATA TRANSMISSION,
ANC BEGIN AND END CPU PROCESSING. IT HAS ENTRY PCINTS "AC™,
"WALT", AND "PROC“, AS CESCRIBED IN SECTION 9.3.

REQUESTS FLCR SEEKS CR TRANSMITS ARE QUEUED UP ON DEVICFES AND
CHANNELS, RESPECTIVELY. DEVICES WHICH ARE SEEKING ARE CHAINFD
TOGETHER IN A DEVICE "YIME-CF~-COMPLETIONY (TC) CHAIN, IN ORDER
CF COMPLETICN. IN A SIMILAR WAY, TRANSMITTING CHANNELS ARF TIED
TOGETHER IN A C(HANNEL TC CHAIN.

- CONTROL UNITS ARE SWITCHABLE BETWEEN CHANNELS, BUT ONCE A CONTROL
4 UNIT IS "ATTACHEN® TC A CHANNEL (BY BEING USED TQ ISSUE A SFEK},
IT REMAINS ATTACHEL UNTIL THE REQUEST 1S CCMPLETED, THAT [S, UNTIL

END OF DATA TRANSMISSION,

THE FOLLCWING 1S A DESCRIPTION UF THE LOGGIC CF THE [/C SUPFRVISOR,
CESCRIBING WHAT HAPPENS WHEN AN [/0Q REQUEST IS RECEIVED BY TeE
SYSTENM, ARD wHAT HAPPENS WHFN THE VARIQUS TYPES OF FVENT GCCUR.

8.1 1/G REQUEST

(1} PLACE REQUEST IN REQUEST TASLE
- B (2) ATTACH REQUESY TO DEVICE QUELE
¢ N (3) IF DEVICE, CONTRGL UNIT, CHANNFL FREE, START SEEK

_ 8.2 START SEEK

E (1) CCMPUTE DEVICE TC (END SEFK)
T (2) PLACE DEVICE IN DEVICE TC CHAIN
. (3) MAKE DEVICE BLSY

& L (4) ATTACH CONTROL UNIT TO CHANNELy INCREMENT CU USE CCOUNTER

8.3 END SEEK

{1) UPCATE THE CLCCK
(2) DETACH REQUEST FRCM DEVICE QUEUE
{3) ATTACH REQUEST TO CHANNEL QUEUE
3 {4) REMOVE OEVICE FRCM DEVICE TC CHAIN
4 (5) IF CU AND CHANNEL ARE FREE, S5TART TRANSMIY

Be4 START TRANSGMIT
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# (1) COMPUTE CHANNEL TC
) (2) PLACE CHANKNEL N CHANNEL TC CHAIN
L (3} MAKE CHANNEL BuSY
- (4) MAKE CU RLSY

Ee5 END TRANSMIT (NON FORMAT WRITE)

(1} UPDATE THF CLCCK

(2) SIGNAL [/C COMPLETICN TD REQUESTING PROGRAM
(3) DETACK REQUEST FRCM CHANNEL QUEUF

(4) RFEMUOVE CHANNEL FRCM CHANNEL TC CHAIN

{S) FREE CHANNEL )
(b) FREE CEVICE ANC CU E
(7) DECREMENT CU USE COULNTER. IF ZERC, DETACH CU FROM CHANNEL «
(9) REMOVE REQUESY FRCM REQUEST TABLE :
(9} FOR FREE CU'S CN THIS CHANNEL (BUT NOT CURRENTLY ATTACHED TO

ANCTHER CHANNEL) STARY SEFKS ON FRFE DEVICES

(1C) IF THIS CHANNEL HAS A TRANSMEIT WAITING, START TRANSMIT

He 6 END TRANEMIT (FURMAT WRITE) (NOT IMPLEMENTED)

(1)-15) AS IN 8.5 (1)-(5)

{6) ATTACH REQUEST YO CEVICE QUEUE, FIRST IN LINE
(7) CCMPUTE DEVICE YC FCR TRACK FERASE

t8) PLACE DEVICE IN DEVICE TC CHAIN

{(9)-¢1C) AS IN 8.5 (9)-(10)

6«7 ENOD TRACK ERASF (FORMAT WwRITE) (NGCT INPLEMENTEN)

1 (1) UPCATE THE (LOCK
5 {2) CETACH RECUEST FRCM DEVICE QULEUE
. (3) REMUVE DFVICE FROM DEVIGE TC CHAIN
t4)-(€) AS IN B.5 (6)-18)
{(7) IF A CHANNEL 1S AVAILABLE, FOR EACH FREE NEVICF ATTACHED TO
THE CU wWITH PENDING SEEKS, START SEEKS
{8) IF A TRANSMIT FOk A CEVICE ON THIS CU IS WAITING ON THE
CHANNEL TC WHICH THIS CU IS ATTACHED, START TRANSMIT
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ORGANIZATION CF THE PHASE 11 SYSTEM

THIS SECTION CONSTITUTES A PRIMER ON THE IMPLEMENTATION OF THE
PHASE 11 SYSTEM, DESCRIBING TABLES, SUBROUTINES., AND FLOW OF
CONTRCL IN THE SYSTEM,. SECTIONS 9 & 10, VTOGETHER WITH THE FROGRAM
LISTINGS THEMSELVES, SHCULD PROVIDE A COMPLETE DOCUMENTATION OF
THE SYSTEM.

TABLES

A BASIC PROGRAMMING DEVICE CF THE PHASE Il SYSTEM IS THE "“TABLE",
0OF WHICH THERE ARE APPRUOXIMATELY FOURTEEN. EACH TARLF CONTAINS
INFORMATION ABOUY ALL SYSTEM ENTITIES OF A PARTICULAR TYPF. FOR
EXAMPLE, THE DEVICE TABLE CARRIES DESCRIPTIUNS OF EACH OF THE
DEVICES wHICH A MQOCELER HAS SPECIFIED FOR THE SYSTEM TO BE
MODELED. SECTION 3 CONTAINS DEFINITIONS TF TABLE INPUT PARAMETERS,
AND SECTION 10 DEFINES INTERNAL TABLE PARAMETERS, THE PURPOSF OF
THIS SECTION IS YO DESCRIBE HOW THE TABLES ARE [IMPLEMENTED.

A TABLE IS IMPLEMENTED AS AN ARRAY, IN WHICH THE ROWS REPRESENT
ENTITIESs ANC THE COLUMNS REPRESENT ATTRIBUTES OF THE ENTITIFS.
HOWEVER, BY USING YHE FORTRAN MECQUIVALENCE™ SPECIFIER, FACH
COLUMN (ATTRIBUTE) MAY BE ADDRESSED AS A ONE-DIMENSINNAL ARRAY,
WITH THE SUBSCRIPT REPRESENTING THE SERIAL NUMBER OF THE FNTITY
UNDER. CONSIDERATION.

EACH TABLE HAS A UNIQUE TwO-CHARACTER IDENTIFIFR. FNR EXAMPLE.
THE IDENTIFIER OF THE DEVICE TABLE IS "Dv®. SIMILARLY, EACH
ATTRIBUTE HAS A 1-TC~4 CHARACTER IDENTIFIER. THUS THE DEVICE
"TYPE®" ATTRIBUTE 1S IDENTIFIED RY THE CHARACTERS wOVTYPE®™, AND
THIS IS THE INTERNAL NAME CF VHF DEVICE TYPE VECTOR. THE DEVICE
TYPE OF DEVICE NUMBER 12 IS THEREFORE GIVEN BY "DVIYPE(12)",

A TABLE MAY REFERENCE AN ENTITY IN ANOTHER TABLF. FOR FXAMPLE,
CNE OF THE ATTRIBUTES GF A DEVICE IS A SPECIFICATION DF THE
CONTROL UNIT [IN THE CONTROL UNIT TABLE) IT IS ATTACHEND TO. SUuCH
AN ATTRIBUTE TAKES THE FCRM OF A POSITIVE INTEGER "™INDEX POINTERY,
ANO IS5, IN EFFFCT, A RUW NUMBER IN ANCTHER (DR THE SAME) TABLE.
THUS, IF THE %“CONTRUL UNIT®™ ATTRIBUTE OF A DEVICE IS “5%, THE
DEVICE IS ATTACHED TO THE CONTRCL UNIT WHOSE ATTRIBUTES ARE GIVEN
IN ROWw S OF THE CONYROL UNIT TABLE. IF ONE WISHED TC KNOw WHETHER
GR NOT THAY CONTROL UNIT WERE BUSY, A TEST WOULD BE MADE ON
WCUBUSY(5)", BY APPLYING THE APPROPRIATE LCGIC, THEREFCRE, ONE
CAN FIND HIS WAY ARQUND THE TABLES AND EXPLORE THE RELATIONSHIPS
AMONG THE ENTITIES THEREIN.

OCCASIONALLY, AN ATTRIBUTE MAY CONTAIN “REPEATING INFORMATION®
ABOUT AN ENTITY, FOR EXAMPLE, AN ATTRIBUTE OF A CONTROL UNIY IS

A LIST OF DEVICES ATTACHED TGO IT. SUCH AN ATTRIBUTE QOBVIQUSLY RE-
QUIRES MORE THAN ONE STORAGE LOCAYION TO SPECIFY IT. IT IS
STORED IN MULTIPLE ACJACENT COLUMNS OF THE TABLE, AND A DOUBLE
SUBSCRIPT CONVENTION IS USED TO ADDRESS IV. FOR EXAMPLE, THF
FOURTH DEVICE ATTACHEC TC CONTRCL UNIT ™J® WOULD BE ADDRESSED BY
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nCUDV(Jealn,

ALL CF THE PROCESSING ON A GIVEN TABLE 15 PERFORMED IN ONE MODULE
(A SEPARATELY COMPILED PROGRAM). FOR EXAMPLE, THE MOODULE "LI®™ HAS
ROUTINES FOR READING, INTERPRETING, PRINTING, AND DUMPING THE
LIST TABLES.

IN THE DISCUSSION THAT FLCLLCWS, ®XX®" WILL BY USED AS AN ARBITRARY
TABLE IDENTIFIER,

THERE ARE FOUR SCALAR PARAMETERS ASSOCTATED WITH EACH TABLE, AS
FCLLOWS:

MAXXX - THE MAXIMUM NUMBER OF ENTITIES TABLE "“XX* MAY DESCRIRE

MAXAXX — THE MAXIMUM NUMBER OF ATTRIBUTES PER ENTITY

NXX - THE CURRENT NUMBER CF ENTITIES IN THE TABLE

NBXX = THE NUMBER OF PRE-DEFINED (BUILY-IN) ENTITIES IN TABLE
L & 4

EACH TABLE IS ACCCMPANIEC BY A "TABLE MASTER", WHICH DESCRIBES THE
TABLE. A MASTER HAS THREE ROWSs AND EACH COLUMN CONTAINS THREE
[TEMS GF INFGRMATICN ABOUT AN ATTRIBUTE IN THE TABLE, MNAMELY, ITS
NAME, ITS TYPE, ANC THE COLUMN IT OCCUPIES IN THE TABLE (THE

ARRAY COLUMNS ARE NOT NECESSARILY [N THF SAME ORDER AS THE MASTER
CULUMNS), THE NAME IS THE ATTRIBUTE IDENTIFIER DESCRIBED ABOVE,
AND IS ALSC THE NAME USED AS A CCLUMN HEADING WHEN THE TABLE IS
PRINTED OUT, THE ENTITY TYPE IS ONE OF THE FCLLOWING:

I — INTEGER

A - ALPHAMERIC (UP TO FOUR CHARACTERS)

R - REAL (FLOATING PCOINT]

D = ALPHAMERIC (UP TO FIGHT CHARACTERS — STORED IN ACJACENT
COLUMNS)

BLANK =~ SECONLC CCOLUMN OF A TYPE "“C» ATTRIBUTE, OR SUCCEEDING

COLUMNS OF A REPEATING ATTRIBUTE
LI - INTEGER LIST

LR - REAL LISY
LA = ALPHAMERIC LIST

THE LAST THREE TYPES ARE “PSEUDO-TYPES™, USEN CNLY TO INCICATE
THAT A LITERAL LIST IS CPTICNAL FOR THES FIFLD ON INPUT. AFTER
INPUT, 1T IS TREATED AS A TYPE “A®™ ENTITY (THE NAME OF YHE LIST).

THERE ARF THREE SCALAR PARAMETERS ASSOCIATED WITH EACH MASTER
TABLEy AS FOLLOWSS

NIXx = THF NUMBER OF INPUY SARAMETERS FOR TABLE "Xxx=»

NPXX = THF NUMBER OF PARAMETERS YO AE OUTPUT WHEN THE TABLE IS
PRINTED

NDXX = THE NUMBER OF PARAMETERS TC HBE QUTPUT WHEN THE TABLE IS
CUMPED

IhN THE TABLE MASTER, INPUT PARAMETERS ARE LISTED FIRST, FOLLOWED
BY ADDIfIONAL PRINT PARAMETERS, FOLLOWED BY THE REMAINING PARAM-
ETERS. .
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9.2 FLOw CF CGNTROL

THE GROSS LOGIC OF THE PHASE Il SYSTEM IS ILLUSTRATED IN FIGURE
9,2.1. EACH BOX IS LABELLED WITH THE NAME OF THE MODULE (SEF
SECTIGON 9.3) WHICH HANCLES THF PROCESSING DFSCRIBEN. THERE ARFE
THREF MAIN PHASES TC AN EXECUTICN GF THE MODEL:

PHASE [ - READ IN TABLE INPUT PARAMETERS, DOWN TO AN
"&«EXECUTE" CCNTROL CARD

PHASE I1 - INTERPRET THE TABLES: THAT IS, RESGLVE AtL INTFR-
AND INTRA- TABLE REFERENCES, CCMPUTE INTERNAL

PARAMETERS, AND PRCVIDFE DFFAULT SPECIFICATIONS AS
NEECED.

PRASE I1I- EXECULTE THE PROCENURE
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9.3 MODULES AND ENTRY POINTS

THE PHASE Il SYSTEM CONSISTS OF APPROXIMATELY 25 SEPARATELY
CCMPILED (DR ASSEMBLED) MODULES. EACH MODULE CONTAINS ONF OR
MCRE ENTRY PCINTS (wHICH CORRESPOND TO SUBROUTINE CALLS). THE
FCLLOWING DESCRIBES THE FUNCTION QF FACH MODULFE, THE TABLES IT
REFERENCES (SEE SECTIUN 10}y AND ITS ENTRY PCINTS,

OF THE APPROXIMATELY 120 ENTRY PCINTS IN THE SYSTEM, ARCUND

60 PERFCRM A STANDARD QPERATION ON A TABLE, FOR v XAMPLF, TABLE
INPUT, TABLE DISPLAY, ETC., MOST CF TRHE TABLES HAVE FIVE ASSOCTATED
RCGUTINES OF THIS TYPE, AS FCLLOWS ("Xxx" STANDS FOR 8 TABLE IDENT-

IFIER)

RXXA{ND,IP) - READ TABLE ®wXX*™ FRCM LCGICAL DEVICE "NO%.
PRINY THE TABLE (IN INPUT FORMAT) ON THE
STANDARD QUTPLT DEVICE IF [P~=).

[xx = INTERPRET TABLE "XX", INTERPRETATION IS
PERFORMED FOR EACH TABLE KNOWN TO THE SYSTEM
AFTER ALL TABLFS HAVE BEEN INPUT, AND AN
nxEXECUTEY CONTROL CARD HAS SEEN ENCOUNTERFED.

PXX{NOC) - PRINT TABLE "XX™ ON LOGICAL FILE *“NO"

DXX{NOD} ~ DUMP {PRINT ALL PARAMETERS, EXTERNAL AND

INTERNAL) ON FILF "NO®

I

FINDXX (NAME) THIS INTEGER FUNCTION FINDS THE ENTITY IN

TABLE "XX" WHOSE NAME [S THE VALUE CF "NAME",
AND RETURNS AN INDEX POINTER TO THE QEQUESTED
ENTITY. IT RETURNS A 2ERQ IF THE ENTITY 1S NOT
IN THE TABLE.
93,1 MOCULES AKD ENTRY POINTS

FCLLOWING IS AN ALPHABETICAL LIST OF MODULES (TOGETHER wWwITH
THEIR ENTRY POINTS) CURRENTLY IN THE SYSTEM:

AC 17€ SUPERVISOR

TABLES: 8U, CHe CU, CPy DV
ENTRY POINTS:

AC{DEVeCYLTRKPTMT,BUFP,BUF,TYP) — [NITIATE 1/0 REQUEST

WALT{BUFP,BUF) — WAIT FOR A SPECIFIC REQUEST TO COMPLETE




PROC(T) — INITIATE CPU PROCESSING

RESET ~ RESET SYSTEM TC TIME IERQ

STAKRY = INITIALIZE SYSTEM

PICING) - PRINT STATUS OF QUEUES AND HARDWARF
DBUINO) - DUMP BUFFER TABLES

DUENC) ~ DUMP QUEUE TAHLES

ALLCC FILE KCUTINES

TABLES: 0P, Cv, FL
ENTRY POINTS:

ALLOC - ALLOCATE SPACE FOR ALL FILFS
LCCATEIFILEJREC,DEV4CYLyTRKP) - LOCATE A RECORN UOF A FILE
1FL(T) = INTERPRET A FILE

CREATE(XNAHE.TYPE.DEVT:IRPB:lTPCpALLTvIALL:BTYP'NBUF.NV,CH,EXX-
IRPCyKLyN} — CREATE A FILE

AUXPR  MAUXILIARY"™ PROCEDURE OPS, EXTENSICN TO “EXPRw,

TABLES: DS, FL, LI, PR
ENTRY POINTS:

AUXPRIINCP,I+4%,%) — AUXILIARY PROCEDURE CP INTERPRET

AUXPREINCP SNy®,%,%) ~ AUXTLIARY PROC ENURE 0P EXECUTE

BC BLOCK DATA FOR PRE-DEFINED SYSTEM ELFMENTS

TABLES: CH, Cu, ©Il, CS5, DP, Bv, FL, LI, QU, SG, T8
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. PUAMLERE T ACCESS B TRes

: TABLES:  BU, FL
S EMTMY BOIINYS:

REACOIFILLREC) - REAL A RECORD FRCM A FILE
WRITO{FILWREC) - WRITE A RECORD ON A FILE

WALTCIFILY - WwAIT FOR 170 COMPLETICN

. ] nl DISTRIBUTION ROUTINES

TABLES: DI
ENTRY POINTS:

RDI(NGC,IP)Y ~ REAL DISTRIBUTIONS
ICT - INTERPRET "

PDI(NO) ~ PRINT "

GCI(NGC) - DumP "
’ CREATO(TYPE,MODE,IPT) ~ CREATE A DISTRIBUTION
PUTO(IDIS,ARG,VAL) - PUT AN ENTRY IN & NISTRIBUTEION

FINDDI(NAME) ~ FINC A DISTRIBUTION

DISTINGyRLO,RHI)Y - RETURN A RANDOM VALUE FROM A DISTRIBUTION
IDISTUNC/LOWHI) — SAME FOR INTEGER DISTRIBUTIONS
DISTVINC+ARG) -~ RETURN PROBABILITY OF MARG® (DISCRETE DIST)
DISTCINDJARG) ~ RETURN CUMULATIVE PROBABILITY QF nARGw™
DISTAINO,VAL) ~ INVERSE COF DISTC

; IOISTAINO,VAL) SAME FOR INTEGER DISYRIBUTIONS

os DATASET ROUTINES

TABLES: FL. DS
ENTRY POINYS:
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SUSING L PR - W pcC LoaYAsSt TS
Y IDS = INTEQPWFT CATASETS
' POS{AG) - PRINT CATASETS
DESINC) = DUMP CATASETS
FINGLSINAMEY) = FIND CATASET

F1S? - POST-ALLCCATION INTERPRET CATASETS

ERRCR  ERRCR HANCLER

ENTRY PCINTS:

ERROMINLyN2) - SIGNAL THE SYSYEM TMAT AN ERROR HAS OCCURRED

FXPR PRCCEDLRE INTERPRFT ANC EXECLTE

TA3LES: DL, FL,y LI, PR, QuU. SG
ENTRY PCINTS:

IPR = INTERPRCT PROCECURF TABLES

EXPR ~ EXECUTF PROCELURE

FXPFE — RE~ENTRY POIAT TQ WEXPR® £QOR FANDLING SRRORS

HD HARDWARE RCLTINES

TABLES: CHe Cuy DP, OV
EATRY POINTS:

RHD{NG,IP) - REAT HARCWARE TABLES
PHO(NC) - PRINT FARDWARE TABLES
10V - INTERPRET CEVICES

DOVING) ~ Dump #

ICP ~ INTERPRET CEVICE PROTOTYPES
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NRRINNAY - nuMe " "
TCU — INVIRPHRET CONTROL UNITS
DCUING) - DUMP n "
ICH - INTERPRET CMANNELS
DCHINC) — Cuwp =

FINDDVINAME)

FIND A DEVICE

FINOCUINAME) - @ CONTROL UNIT
FINDCH{NAME) ~ » CHANNEL
FINCDP{NAME) - # DEVICF PROTOTYPE

PDP(NP) — PRINT DEVICE PROTQTYPES

RDP{NG,yIP) - READ DEVICE PROTQY/PES

INTER TABLE ]/C CCMMCN RDUTINES
ENTRY PCINTS:
ROCDINC,1P,KEY) — REAC AN INPUT CARD, RETURN KEYWORD
INTERPIMASTER,CONTENyNL ¢ M1 yN-M, IP) ~ INTERPRET AND STORE ONE
CAR[> OF DATA ACCCRDING TO MASTER ANC CCNTENTS TABLES
SUPPLIED
HEAD(MASTYER,CONTEN yFCRMT 4 BEGo ENCoMLoNsMyNOsNLyN2) — CONSTRUCT
A HEADING FOR A TABLE TO BE OLTPUT AND A FORMAT STATEMENT
FOR THE CCNTENTS OQUTPUT

STOREINAMEX ,TYPEXyMAPX,MASTER,M1) — STORE NAME, TYPE, AND MASTER
VECTORS IN MASTER

CONVER({INPUXyOUTPUX,SPEC) ~ CCAVERY FROM EACDIC TO INTEGER. OR
REAL T '

I1SAM INDEX~-SEQUENTIAL DATASEY NON-EXECUTION TIME ROUTINES

VABLES: 0Py DS.s FLy IS
ENTRY POINTS:
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REISINUGIP,NENT) - READ ISAM—RFLATEN NATASEY PARAMETERS
PYISINC,NENY 11,125 - PRINT 15AM-RELATED PARAMETERS
OXISINOJNENT) ~ DUMP ]SAM TABLE

IXIS{NC) ~ INTERPRET ISAM DATASET

LI LIST ROLTINES

TASLES: LI, Qu
ENTRY PCINTS:

RLI(NG, IP) = REALC LISTS

PLIANG) ~ PRINT LISTS

DLIINC) ~ DUMP LISTS

ILI ~ INTERPRET LISTS

FINDLI(NAME) - FINC A LIST

GET(LNO) - GET NEXT ELEMENT FROM A LISY

IGET({LNGC! -~ SAME FQOR INTEGER-VALUED LISTS
CREATL(TYPE.MQ.SIZE.LG,HS.DIS.LPT) = CREATE A LIsT
PUTILIST,ENTRY) - pyuTl AN ELEMEANT IN A CRFATED LISY
REINITILNO) ~ REINITIALIZE A LIST
PEVMBILPTXyNCLeAC2,NG) - PRINT “PROCEDURE=EMBEDDED" LIST

RLLI -~ RELEASE CREATED LISTS, PACK LIST TABLES

MAIN MAIN PROGRAM ~ CVERALL CCATRCL DF SYSTEM

OPEN FILE OPEN ANC CLCSE

TABLES: B8U, FL
ENTRY POINTYS:
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OPENIFIL5TAT G NBUF PYYP(ynavi - LPEN &+ Fiot

CLOSE(FILY ~ CLOSF & RILF

PCP USED BY FRROK ROGUTINE (ASSEMBLY LANGUAGE)
ENTRY PCINTS:

POP(NAME,SAVE)} ~ RETURN NAME AND SAVF AREA OF CALLING ROUTINE,
REMOVE CALLING RCUTINE FRNM "CALLY CHAIN,

LINK = LINK TC ENTRY “MAIA®

QSaM SEQUENTIAL BACCESS ROUTINES

TABLES: FL, BU
ENTRY POINTS:

READS(FIL) =~ REAC NEXT RECORD
WRITS(FIL) = WwRITE NCXT RECORD

UPDATSI(FIL) — UPGATE LAST RECORD READ

Qu CUALIFICATICN RCUTINES

TABLES: DIy QU, SG
ENTRY PCINTS:

RQUINC,1P) — REAC QUALIFICATIONS

PQUINC) - PRINT "
1QU -~ INTERPRET "
DGUINC) - DuMP "

FINDQU — FIND A QUALIFICATION
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- A, FE AR R

z B} BOCSpER AT LASSIYALY L AMGUAGE)
whe 1P (S, AOGOMARN, AN[G WILLFR, A PSTUDD~RANDOM NUMDFR

GENEHATLOR FGR InE [BM 360, 1AM RESEARCH REPORT RL 231G,
JhhGARY 6y P65

FATRY POINTS:

QAN (X) — KETURN A REAL RANCCM NUMBER CN {D.41.)

RAND RANCUM NUMBER GENERATCR
ENTRY PCINTS:
RANDX{XyY) — RETURN A REAL RANDCM NUMBER ON (X,Y)

IRANCX(IXy 1Y) — RETURN AN INTEGER RANDOM NUMBER ON (IX.1Y)

REANDR  INDEX—-ScQUENTIAL DATASET EXECUTION=YIME RCUTINES

TA3LES: BUs OSy FL, IS
ENTRY POINTS:

READRINCF,NQO) - REAL A RECQRD
WRITRINCFLNC: - WRITE A RIZCRE

UPDATRINCGF) ~ UPGATE LAST RECCRC READ

RPR PRCCECURE TABLE RQUTINES

VABLES: PR
ENTRY POIN/S:

RPRING,I1P) - READ PRCCEDURE
NPRINC) = NUMP PROCFLURE
PPRINO} - PRINT PROCFCURE

PTI - PRINT TIMERS
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b SEGMENT 1AL F RUUTINES

TABLES: DS, $G
ENTRY PCINTS:

RSGINCIP) ~ REAL SEGMENTS
156G ~ INTERPRET "

PSGING) - PRINT "

CSG(NC) - DUNP "
FINDSGINAME) -~ FIND A SEGMENT
IFD - INTERPREYT FIELLCS
OFDINO) - DuMP "

FINDFDINAME) — FINC A FIFLD

T3 TABLE RCUTINES

TABLES: T8
ENTRY PCINTS:

RTBINC,IP) - READ TABLES

PTEIAUY) = PRINS i

DTBINO) - DUMmP "

FINCTB(NAME) — FINC & TABLE
TABLEITAR,ARG) ~ TABLE-LCCK-UP FUNCTION

ITABLE(TAR,ARG} — SANE FOF INTEGER TABLES

780 TRACE BLOCK DATA FOR USE IN CCNJUNCTION WITH M*TRACE® co
CCNTROL CARD, THERE ARE THREE 0OBJECT MODULFS SUPPLIED WITH
THE SYSTEM FOR THIS PURPQOSE: "TBDCOO™ WHICH SUPPLIJIES NO
TRACING (EXCEPT UNDER CONTROL OF THE N"TRACE™ PROCEDURFE
QP), ®wTBDOOLI" WHICH TRACFS ALL SUBRCUTYINF CALLS, AND
HWTRANOOZ2" WHICH TRACES ALL ROUTINES FXCEPY TABLE RCUTINES,
wHICH PRODUCE VOLUMINDUS AND CONFUSING TRACF [NFORMAYION,
*TBDOCO™ IS OBTAINED BY CEFAULT, ANT THE CTHERS MAY BF
INVOKED BY INCLUSICN AT LINK-EDIT TIME, AND APPRMPRIATE USE

VIE-84

L) et b

N
. .
S Gkl L




Tt T dTap0F (UNTROL (ARD {SEE SECYIOR 2.

TIME TASK TIMIRG ROLTINES {ASSEMBLY LANCUAGE!}
FNTRY PUINTS:
TIMFE - SET INTERVAL TIMER

ITIME(X) - RETURN INTERVAL TIMER VALUE
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Fs3a/ ENERY POENE - MOOULE (DS PETERENCT

FOLLOWING 1S AN ALPRABETICAL LIST LF ALL ENTRY POINTS., FACH
ENTRY OCINT REFFRS T THE MUODULE CONTAINING Q7.

FEaTryY prInT MOOULE
AL AC
ALLCC ALLCC
ALXPRE AUXPR
AUXPRI ALXPR
CLOSE CPEN
CUNVER INTER
CREATD DI
CREATE ALLCC
CREATY Lt
ceu AC
DCH HD
ccu Y
nel Ct
oCe HD)
Des rs
nov HD
CFC SG
DISTY D1
CISTA C1
BISTC Nl
DISTY Di
LI LI
DPR RPR
0g AC
bDCuU Cu
DSG SG
oT8 T8
Ox1s 15AM
ERRCR ERRCR
FXPR EXPR
FYPRE FXPR
FINDCH HD
FINDCL HE
FINCDI D1
FINDDP HO
FINODS Cs
FINOOV HO
FINDFO S¢
FINOLI LI
FINCGU Qu
FINDSG 5¢G
FINDTYB T8
GEY LI
HEAL INTER
ICH HD
Icu HD
ICi 0l
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terer
TTlNT A
e
ICS
1cs?
[ov
[+0
ted
IGET
et
INTERP
1PR
Loy
1RANDX
| 8
ITABLE
ITIME
IXIS

L INK
LCCATE
MAIN
GPEN
pPCl
poP
PDS
PEMA
PED
PIC
PLI
PCP
pppR
PGU
PROC
PSG
PT8
PTl
puT
PUTD
PXIS
RANIS
RANLX
|CLD
KDl
RCP
RDS
REAND
REACR
READS
RFINIT
RFSET
Kb
e |
RLLT
RPR
RQU

ni

[
ng
s
HD

St
ALLCOC

L1
Ly
INTES
Fxoep
Qu
QANEC
SG
TH
TIME
1SAV
POP
ALLCC
MATN
OPEN
o1
HD
nsS
L1
HC
AC
L1
PCP
PR
o

AC

SG
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X

RSG SG
RTA TR
RXI[S 1SAM
START AC
STORE INTER
TABLE T8
TIME TIME
UPDATR RFACR
UPDATS QSAM
WALl AC
wAITD BDAV
WRITD RDAM
WRITR REAQR
WRITS CSAN
‘.'7;‘ :
R
. i
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10.0

10.1

10.2

INTERNAL PARAMETER DEFINITIONS

IN ADDLYION TO ITS INPUT OR “EXTERNAL™ ATTRIBUTES, AN ENTITY IN
THE SYSTEM MAY ALSO HIVE ATTRIBUTES (DR PARAMETERS) WHICH ARE

USED OANLY IN THE INTERNAL OPERATICNS OF THE SYSTEM. IN FACT, SOME
TABLES, SUCH AS THE BUFFER (BU) T4BLESy CCNSIST SCLELY OF INTERNAL
PARAMETERS., DEFINITIONS OF ALL JANPUT PARAMETERS {AVE BEEN GIVEN IN
SECTICN 3, AND IT IS THE PURPOSE OF THIS SFCTION 72 DEFINE TKE
INTERNAL PARAMETEKS.

FOR EACH TABLE, THE IDENTIFYER CF THE TABLE IS GIVEN (FCR
EXAMPLE, “FL" FCR FILE TABLE), AND THEN THREF [TEMS OF INFORMATION
ARE GIVEN FOR FACH INTERNAL ATTRIBUTE DESCRIBED 3Y THE TABLE:

t1) ATTRIBUTE ICENTIFIER. FOR EXAMPLE ®RS[Z™ FOR "RECORD SIZEw,
(2) ATTRIBUTF TYPE. R = REAL, I = INTEGER, A = ALPHAMERIC
{3) ATYRIBUT: CEFINITICH

AS DESCRIBED IN SECTION 9.14 A PROGRAM REFERENCE TO THE RECORD
SIZE OF FILE "FIL" WCLLD BE GIVEN BY "FLRSIZI(FIL)"™.

THCSE ATTRIBUYES CCNTAINING RFPFATING INFORMATION (SEE SECTION
9.1) ARE MARKEL wWwITH AN ASTERISK (%),

SCME OF THE JNTERMAL ATTRIBUTES ARE ®"INDEX PCINTERS" (SEE SECTION
9.1) TC ENTITIES IN YABLES, AND IN SGME CASES CORRESPOAND TO AN
INPUT PARAMETER WhICH IS THE NAMF OF THF ENTITY., IN SUCH A CASE,
THE ATTRIBUTE witlL BE CEFINFD AS “POINTFR (XXXX)'", WHERE "XXXX¥
IS THE NAME CF THE ATYRIBUTE,

DEVICE PRUTICYYPE TARLE (DP)
pPTR I PCINTER (1B}

PTA 1 " (TABA)
PTS 1 " {TABS)

CHANNEL TABLE (CH)

O TCC. . L TIME-DF~CCMLETION CHAIN WORD

Tc K TIME CF CCMPLETION

Gl I CHANNEL QUEUE CHAIN WCRD: POINTER 10 MCST RECENT
QECUEST FOR THIS CHANNEL IN TABLE

Go 1 PCINTER TO NEXT REQLEST FOR THIS CHANNEL

usY 1 BULSY FLAGy -0 IF CHANNEL 1S BUSY
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10 3

1C.4

10.%

10.6

CONYROL UNIT TABLE (CU!

CH
nv
CCH
BUSY

USE

DEVICE
cu

PTR
cyL
AVAL
BUSY
TCC

TC

Cl

Q0

I* PCINTERS TO CHANNELS 1T MAY BE ATTACHED Tn

I* PCINTERS TC DEVICES ATYACHED TG IT

i/ NAME OF CURRENT CHANNEL — MAINTAINED BY "PIC™ QOUUTINF

I BUSY FLAG, =0 IF CONYROL UNITY IS AUSY

I CONTROL UNIT USE COUNTER - ANUMBER NOF SEFKS INITIATED
BY THIS CONTROL UNIT FOR WHICH TRANSMISSION HAS NOT
TAKEN PLACE

TABLE

I POINTER TO CCNTRCL UNIT DEVICE [S ATTACHED 7O

I POINTER (TYPE}

I CURRENT CYLINCEPR UNDER HEAC

I NUMBER CF CYLINDERS AVAILABLE CN DEVICE

1 BUSY FLAG, -~0 IF DEVICE IS 8uUSY

I TIME-OF-COMPLETICN CHAIN WCRD

R TIME OF COMPLETION

I UFVICE QUEUE CHAIN WCRD: POINTER TC MCST RECFNY
REQUEST FOR THIS DEVICE IN TABLE

I PCINTER TC NEXT REQUEST FCR THIS CEVICE

DATASET TYABLE (DS}

PTR

AMPT

I1* PCINTERS TO FILE TABLE EMTRIES FOR FILES WHICH BELONG
TO THIS UDATASEY

I PCINTER T3 ACCESS—-METHCC~RELATED PARAMETERS ENTRY IN
ACCESS METHCD PARAMETER TABLE

FILE TABLE {FL)

TNR
RSIZ
XPTR

NEX

I  TOTAL NUMBER CF RECCRES IN FILE
1 RECCRD SIZE
1 PCINYER TGO FIRST EXTENY CF THIS FILE IN EXTENT TAQLES

I ANUMBER COF EXTENTS IN THIS FILE
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1C.7

lc.d

BPTY I NUMBER OF RBLOCKS PFR TRACK OF THIS FILE

P8 R 1/8PT

T™T R TRANSMIT TIME PER BLILCK

ExXTP 1 PCINTER (EXT)

pvrp I PCINTER (DEVT)

AUF [ PGINTER TC BUFFER TASBLE

EXTENT TaALt

{FX)

PTRD I PCINTER {DEv)

LREC I LASY RECCRD OF FILE ON THIS EXTENT

BUFFER TAOQLES

(BuU}

MOST OF THE PARAMETERS IN THC BUFFER TABLES HAVE SIGNIFICANCE
ONLY TC THE ACCESS METHCD; THAT 1S, THEY CONTAIN STATUS GF AN
(OPEN FILE FCP USE BY THE ACCFSS METHCD. TwO PARAMETERS wITH
SYSTEM SIGNIFICANCE, FOWEVER, ARE:

(1) Cun -

(2) BUF -

IN THE FCLLCWING, THE PARAMETERS ARE DEFINED u% THE WERE FOR THE

MUST BE NCAN=ZFROQ WHILE FILE 15 OPEN AS AN INDICATION
THAT THE BUFFER ENTRY IS IN USE

THIS 1S A REPFATING ATTRIBUTE, EACH INSTANCE:CF
WHICH CURRESPONDS TO A BUFFER AVAILABLE FNR USFE BY
THE FILE USING THIS BUFFER TABLE ENVRY, TWD
SUBSCRIPTS ARF REQUIRED TQ ACCESS THE ATTRI&UTE
INFORMATICN FOR A BUFFER: FLR EXAMPLE,

WBURBLF(BLF, 137 WOULD CCNTAIN INFORMATIUN RELATING TO
THE ®j~TH"™ BUFFER CF BUFFFR TABLE ENTRY "HUF™,

WHEN A REQUEST FOR I/C IS PRESENTED T YHF SYSTEM

BY AN ACCESS HETHND (BY THE #ACY™ RAUTINEs SECTION
9.3)y A [BUF,1) PAIR IS ALSC SPECIFIEN., UPCN RFCEIPT
OF THE REQUEST BY THE SYSTEM, A NON-ZERO VALUE IS
STORER IN BUFFER "AURUFIBUFI)¥ By THE SYSTEM, AND
WHEN THE REQUESY IS SATISF!CDv TRUBUF(BRUF, 1Y IS
LERCED CUT AGAKN.

SEWUENTIAL ACCESS METHCO.

LSTR  § LAST RECCRC RECEIVED FROM (WRITE) OR SENT TO (READ)
PROGRANM : :

Cus I CURRFENT BUFFER (CF BUFFER ENTRIES) INTERFACIVG RFCURDS

TC

PROGRAM
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NXR

BUF
upP
STAT
LBS
LRS
LRA

EQL

1%

NEXT RELORD {OF 8LOCK OR RECORDS REPRESCNTEC AY "CUR")
TO BE INTERFACED WITH PROGRAMS

BUFFER ENTRIES
UPDATE FLAG. =1 IF LAST RECORD READ IS TO BE UPDATED.
FILE STATUS. R= READ SEQUENTIAL . W=WRITE SFQUENTIAL.

NOT USEC

10.9 LIST TABLE (LI}

TYPN I LIST TYPE COCE
1 = LITERAL (L)
2 = SECUENTIAL (SL)
3 = RANDOM (RL,RQ)
4 = ' RANDCM SEQUENTIAL (RS,SQ)
MOON I LIST MODE CODE
1 =R
: 2 =1
1 3= A
] OPTR 1 PCINTER (DIST)
i PTR I PCINTER TD FIRST ELEMENT OF THIS LIST IN LITERAL LIST
ENTRY TABLE (LETAB)
3 - THE FCLLOWING ARE DYNAMIC PARAMETERS WHICH RECORD THE CURRENT

SYATUS DF A LIST. AT PROCEDURE INITIATION, THF DYNAMIC PARAMETERS
WILL CCNTAIN THE SAME VALUES AS THEIR CCRRESPCNCING "STATIC™, 0OR

‘SIZD‘

ito
1HS
RLO

RHS

LPTR

!
1

INPUT PARAMETERS, BUT wILL CHANGE DURING EXECUTION AS ELEMENTS
ARE REMOVEC FROM THE LISTS,

SIZE OF LIST

LCwW VALUE (!-LIST)

MIGH OR SKIP VALUE (I-LIST)

LOW VALUE ({(R-LIST)
HIGH OR SKIP VALUE (R~LIST}

POINTER TL NEXT ELEMENT CF A LITERAL LIST
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10.1¢C

iC.11

1¢.12

PROCEQURE TABLE ({(PR)

OPN 1 OPERATICN COCE NUMBER
OPTR I PCINTER (GLEJ)

LPTR I PCIKTER (LIST)

SPTR I PCINTER (SGC)

FPTR I PCINTER (FGO)

SYNC I “SYNC* CHAIN WORD — TIES TOGETHER PROCEDURE STATVEMENTS
WHICH HAVE BEEN SYNC'ED

MPTR I NCT USEC
NO I STATEMEAT NUMBER (FCR PROCEDURE PRINT AND DIAGNOSTICS)

ER I ERRCR FLAG. =1 IF PRCCEDURE INTERPRETATION HAS FOUND
AN ERROR IN THIS STATEMENT.

LREC I LAST RECORD ACCESSED BY THIS STATFMENT (IF AN ACCESS
ar)

INCLUDED WITH THE PRCCEDURE TABLE IS THE TIMER TABLE (TI), WITH
THE FOLLCWING PARAMETERS:

NAME A  TIMER NAME
TIMS I PCINY IN SIMULATED TIME WHEN THIS TIMER WAS SFT

TIMR T VALUE CF REAL TIME CLCCK WHEN TVHIS TIMER WAS SFET, THE
REAL YIME CLCCK CCUNTS DOWN IN 26 MICRCSECOND UNITS.

OISTRIBUTION TABLE (CI)
SIZe I NUMBER CF ENTRIES IN CISTRIBUTION

PTR I PCOINTER TO ENTRIES IN DISTRIBUTION CONTENTS TABLE:
DE ARG TABLE OF ARGUMENTS (RANDCM VARIABLE)
DeEvaAL TABLE OF VALUES (CUMULATIVE DIST. VALUES)

CLAS i YPE/MOLE CLASS

INTEGER/INTERPILATE (DR INTEGER CONTINUOUS)Y
INYEGER/NC INTERPOLATE

ALPHAMERIC

REAL/OISCRETE

REAL/CCATINUCUS

WP N ey

oo

QUALIFICATION TABLE (QU)

IN THE FCLLCWING, "INTERVAL™ REFERS TO THE PHENOMENON INTRODUCED
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1C.13

BY "SORT" QUALIFICATIONS (SEf SECTION 3.5), NAMELY, THAT CUALIF-
ICATIONS INVOLVING SORT FIELDS CUALIFY RECORCS OR SEGMENTS (IVER
SOME SUBSET OF THE DATASET RECCRD RANGE.

VALI
VALR
PSQI
PSG
PHTL
NRQ
LR
HRQ

TYPE

FTYP
SGPT
FOPT
Q13p
c2PY

NXPT

1IFLG

SFLG

I

R

FIELD VALUE (INTEGER)
FILLD VALUFE (REAL)
FRACT [ON OF SEGMENTS QUALIFYING OVER [NTFRVAL
" " " w CVERALL
FealYION CF DAVASHT MASTERS wualltYLInG CN THE INTERVAL
NUMBER CF DATASET MASTERS DR RECCRDS) QUALIFYING
LOW RECQRC CUALIFYING
KI{GH RECORD QUALIFYING
QUALIFICATICN TYPE (SEE SECTION 3.5)
FIELD

BECOLEAN

1
2
3 SEGMENT

FIFLD TYPE (FOR TYPE 1 QUALIFICATION) [y R, A
POINTER TQ SEGMENT BEING QUALIFIED

PCINTER TC FIELL

POINTER TC ®Q1® OR Q3% {(SEE SECTION 3,5)
PCINTER TQ Q2w

PCINTER TC NEXT QUALIFICATION TO INTERPRET [F THIS ONE
IS MODIFIED (NOT IMPLEMENTED)

INTERPRETAYION FLAG

0 = QUALIFICATICN NOT INYERPRETED
1= " INTERPRFTED
e = " IN ERROR

SCRT FLAG -0 IF THIS IS A SORT QUALIFICATICON

SEGMENT TABLE (5G)

supep
osey
TNS

osMpP

PCINTER (SUP)
PCINTER (CS) ,
TOTAL NUMER CF SEGMENTS OF THIS ‘TYPE

PCINTER TO THE DATASEY MASTER SEGMENT CF THES SéGMENT
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10.14

10115‘

10.1¢

NPODV 1 NUMBER GF THESE SEGMENTS PFR DATASET MASTER

FIELD TABLE (FD)
SGPT T POINTER TO SEGMENT THIS FIELC BELONGS TC
DPTR I POINTEPR (CIST)

SIPT I POINTER (5105}

TABLE TABLES (78)
SIZE I NUMBER OF ENTRIES IN TABLE

PTR ! PCINTER TC FIRST ENTRY IN TABLE CCNTENTS TABLE (TBENT)

GUFUE TABLE (C) (HCLCS REQUESTS FCF 1/0)

CHAIN I CHAIN WORD FCR CHAINING QUFUE ELEMENTS TOGETHER
UEV I GEVICE RECUESTFC

cyiL I CYLINDER

TRKP R TRACK PCSITION OF RECCRD

™Y R TYRANSMIT TIME (OF RECCRLC
aUF I POINTER TO BUFFER
TYP A [/C REQUEST TvPE

R = READ

W = WRITYE

WV = WRITE VERIFY (NCT IVMPLEMENTED!
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11.0

11.1

11.2

SYSTEM DISTRIBUTICON AND mMAINTENANCE

THE PHASE 1! SYSTEM AS DISTRIBUTED CONSISTS OF A TAPE AND AN
EXPLANATORY LISTING, AS DESCRIBED IN THE FCLLOWING.

DISTRIBUTION TAPE

THE NDISTRIBUTION TAPE {(BOOBPI, UNLABELLED) CONTAINS SIX FILFS AS
FCLLCWS®

(1) OATASET ®SYSTEM», A PARTITIONED DATASET ("POS™) WHGCSE MEMBERS
ARE OBJECT MODULES OF THE SYSTEM. THE NAMES OF THESE MEMBERS
ARE OF THE FTORM HXXXXXNNN", WHERE PXXXXX" 1S A MODULE NAME,
AS GIVEN IN SECTION 9.3, AND "NNN" [S A SERIAL NUMBFR,
USED fU DENGTE Di+rcerRENT GENERATIDONS OF OBJECT MODULES,

(2) DATASET ¥“SQURCE", A PDS WHCSFE MEMBFRS ARE SOURCE MONULES. THE
NAMES OF THE SCURCE MODULES ARE GIVEN IN SECTION 9.3.

THE SOURCE MODULES IN "SCURCE"™ ARE NCT COMPLETE, IN THAT THEY
DC NCT CCNTAIN THEIR REQUISITE TABLE SPECIFICATIONS. WHEN
CCMPILING SOURCF MODULES, THE RECUIRED TABLES (SEE SECTION
9.3) MLST BE (PRE—) CONCATENATED wITH THE MODNULE.

(3) DATASET “LINK™, A SECQUENTIAL DATASFT (®"SDSY) USED AS THE
wSYSLIN® DATASET IN THF SYSTFM LINK-EDIT, IT CONTAINS CARDS
OF THE FORM “INCLUDE(XXXXXKNN}*, WHERE ®XXXXXNNN" IS AN OHJECT
MCDULE MAME.

{4) DATASEY "TABLES", A PDS WHCSE MEMBERS ARE FORTRAN-LANGUAGE
TABLE SPECIFICATICAS, THE NAMES OF THE MFMBERS ARE THE NAMES
CF THE TABLES AS GIVEN IN SECTICON 10.0.

(5) DATASET MUSER", AN SCS CCATAINING THE USER GUIDE.

(6) DATASEY WUPDATE®, AN SDS CONTAINING UPDATES TO THE SCURCE
MODU! ES, THEY ARE UPCATES TC THE SOURCE MOCULES DISTRIBUTED
Wl1TH THE SYSTEM AND ARE ALREADY REFLECTED IN THE OISTRIBUTED
UBJECT MODULES. FUTURE MINDR UPDATES, HOWEVER, CAN BE DISTRIB-
UTED IN THE FORM OF UPDATE CARDS TO BE MERGED WITH THE UPDATE
DECK, WHICH THEN WCULD BE RUN AGAINST THF SNURCE DECKS AND
CCMPILED TO OBTAIN A NEWLY UPDATED OBJECY MODULE.

DISTRIBUTION LISTIAG

THE DISYRIBUTION LISTING IS THE OUTPUT OF A JOB WITH THE FOLLOWING
JOB STEPS:

{1) INITIALIZE OISK 8Y SCRATCHING DAYASEYS TO BE CREATED BY STEP
{30, tF THEY EXIST

{2) CCPY TrE PHASE Il MASTER SYSTEM FROM DISK TO DISTRIBUTICN TAPF
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(3) CCPY THE SYSTEM DATASEYS FRCFM TAPE BACK TO THE DISK TD TEST
{(4) LINK-FEDIY THE SYSTEM

(5) EXECUTE A TESY EXAMPLE

(6) DEMCNSTRATE THE USE OF THE UPDATE DATASET

(7) DEMONSTRATE A CCOMPILE CF A SCURCE MODULE

{8) PRINT THE USER GUICE FROM TAPE

{9) SCRATCH DATASETS CREATED BY (3)
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12.0

12.1

MATHEMATICAL MOCDELS

THIS SECTICN CUONTAINS SOME DERIVATIONS AND FORMULAS wHOSE
MOTIVATION OR FCRM MAY NCT BE CBYVIOUS FROM THE PROGRAM LISTINGS.

CUALIFICATION

THERE ARE SEVERAL CALCULATIONS TC BE PERFCRMED IN ORDER TO
DETERMINE THE RANGE ANC VOLUME OF DATASET MASTER RECDRDS wHICH
CUALIFY FUR EACH QUALIFICATICN SPECIFICATION. THESF CALCULATIONS
DEPEND ON QUALIFICATION YYPE (FIELD, BOOLEAN, (R SEGMENT), AND
WHETHER OR NCOT SORT FIELDS ARE INVOLVED. FURTHERMORE, FOR SEGMENTY
QUALIFICATION, THEY CEPEND ON WHETHER 0OR NOY ®SES®™ IS SUPFRIOR 1O
THE SEGMENT QUALIFIEC BY "Q3", IN THE FOLLCWING, WE WILL DISCUSS
THE FORMULAS FCR SCME OF THESE CASES: POWEVER, WE WILL LIST AtL
CASTS, AND THE USER LAN TURN TC THE PROGRAM LISTINGS FOR FURTHER
AMPLIFICATION.

IN THE FCLLOWING, ®"SEGMENT*" REFERS YO THE SEGMENT BEING QUALIFIED

BY THIS QUALIFICATION, AND "MASTERY™ REFERS TO THE DATASET MASTER

SEGMENI OF "“SEGMENT®,

FOR EACH QUALIFICATION WwE WISH TC CCMPUTE:

PSCI ~ FRACTION OF SEGMENTS QUALIFYING ON THE INTERVAL (IF A
QUALIFICATICN IS NCT A “SCRY QUALIFICATION", THE INTFVAL
IS THE wWwHOLE RANGE OF SEGMENT OCCURRENCES)

PSC - FRACTION OF SEGMENTS QUALIFYING CVERALL

PMQI

FRACTION OF MASTERS QUALIFYING ON THE INTERVAL
NRGC - NUMBER CF MASTERS QUALIFYING
LRQ - "LOW"” MASTER CUALIFYING

HRQ — "HIGH™ MASTER CUALTIFYING

wE MAKE THE FOLLOWING DEFINITIONS:
N - NUMBER OF SEGMENTS PFR DATASET MASTER

ND = TOTAL NUMBER OF DATASET MASTER SEGMENYS (= NUMBRER OF
RECCRDS IN CATASEY)

{1} A GENERAL CALCULATICGN

IF A FRACTION "P% OF THE SEGMENTS IN QUESTION QUALIFY, THEN
(UNDER DRDINARY CJRCUMSTANCES), THE OTHER PARAMETERS ARE
CALCULATED AS FOLLOWS:
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PSC=pSQI=P

PMGl = 1, - PROB. THAT THF MASTER SEGMENT DOESN'T QUALIFY
- = 1.- (PROB. THAT NCNE CF ITS INFERIOR SEGHMENTS IN
QUESTION QUALIFY)
2= le~tla ~ PSQ)¥N
LRG = 1
HRE = AD
{2) FIFLD GUALIFICATION (NAMF QUAL FLD,REL 4vAL)

LET »P" BE THE FRACTION OF FIELDS QUALIFYING.
(A} "FLD"™ IS NCT A SORT FIELD — CALCULATE AS IN (1)
{B) "™FLD"™ IS A SCRT FIELED

LET DH = FRACTION OF FIELD VALUES ®LESS THAN® THE HIGHEST
QUALIFYING VALUE OF THF FIELD

PSCI = 1
PSQ = P
PMCT = 1
NRQ = PSC#ND
: HRG = NO#DH
; - LRC = MRS ~ NRG + 1
i% (3) BCOLEAN GUALIFICATICN (NAME CUAL Q1,REL,G2)
LET PSQL = PSJ FCR SEGMENT QUALIFIEC BY QI
PSC2 = " " Q2

{a) NEITHER 41 DR 2 ARE “SORT®™ QUALIFICATIONS
P = PNQAXPSQR 1F RELY = ®"aAND™
P = PSQA+P5CB-PSCA*PSQB IF REL1 = “QOR®
FINISH AS IN (1)

(B) C1 R <2 IS A SORT GQLALIFJCATION

. t4) SEGMENT QUALIFICATICA (MAME CUAL SEGyHAS « O3 RELZy NI}

LET:
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e SEG2 = TME SEGNMENT QUALIFIEC BY Q3

T NS2 = NUMBER OF SEG2 SFGMENTS PER SEG

E PS2 PROBABILITY THAT A SEG2 QUALIFIES BY Q3

. C(N1,N2) = NUMBER OF COMBINATIONS OF NI THINGS TAKEN N2 AT
A TIME

da

i (A) SEG IS SUPERIOR T0 SFG2
tAl) Q3 IS NOT A SORT QUALIFICATION

THE PRUOBAEBILITY THAT EXACTLY "M% SEG2'S QUALIFY FOR A
RANDOM SEG IS GIVEN BY:

P= CUINSZ Mi*(PS28aM)%({1-PS2)*#x(N=-NS?))
FINISH AS IN (1)

(A2) C3 IS A SORT QUALIFICATION: SEG AND SEC2 ARE ON DIFFERENT
DATASETS

(A3) C3 1S A SCRT QUALIFICATION: SFG AKD SEG2 ARE ON THE SAME
DATASEY

(8) SEG INFERICR TC SEG?2
(B81) SEG, SEG2 0OIN THE SAMF DATASET

{B2) SEGy SEGZ ON CIFFERENT DATASETS

i‘? 1242 ISAM OVERFLUm CHAIN LENGTH LISTRIBUTION

’ e THIS PROBLCM CAN BE STATEDR AS FOLLOWS:

LET: ¥ = NUMBER CF PRIME TRACKS INITFIALLY FULL
' A = NUMBER OF OVERFLOW RECGRDS TO RE ASSIGNEC TQ THE M
TRACKS AT RANCOM
3 . WHAT IS THE PRCBABILITY GIN) THAY A TRACK CHCSEN AT RANDCY HAS

EXACTLY N OVERFLOW RECCRDS?

- THIS PROBLEM GAN BE TREATEC AS A CLASSICAL OCCUPANCY PROBLEM. - S et g
{SEE WILLIAM FELLER, AN INYRODUCTION YO PROBABILITY THLORY AND '

1 ITS  APPLICATICNS, WILEY, 1957, P. 34), WITH A SOLUTION AS

- S FCLLOWS: _ :

QINI=CUANI*(IL/M)AANIS((1-1/M) 2R {A=N})

WHERE ClA,N} 15 THE NUMBER (OF CCMBINATIONS OF A THINGS TAKEN N AT
A TIME, ’ . :

'HOWEVER, THE DESIRED DISTRIBUTICN EXCLUDES N=0, THAT IS,
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YRACKS WHICH HAVE NDO OVERFLOW CHAIN. THE PROBABILITY P(N) THATY
AN OVERFLOW CHAIN IS CF LENGTH N (N>Q) IS THERFFORE:

PIN) = QIN)/LL-PLQ))
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END OF PHASE Il USER GUIDE

PLEASE SEND CORRECTIONS, CCOMMENTS, AND SUGGESTIONS TO:

Pe Jo CHWENS

18M RESEARCH

KC6/C24

MCNTEREY ANC COTTLE RCACS
SAN JGSEy CALIFCRNIA 95114

.

i
!

VIiI-102




SECTION VIII
GLOSSARY
‘
§
VIII-]
!
1 3
!




GLOSSARY

.

Definitions of some selected term nologies used in this contract report are given

below for easy reference:

Access Method - A data management program providing the retrieval, update and

maintenance function for a data set.

Access Strategy - The order and the access methods to be used in accessing all the

relevant records requested in a transaction.
Allocation - The assignment of records to specified locations of storage.

BUAM (Basic DiTrect Access Method) - A specific IBM implementation of the direct

access file organization.

BISAM (Basic Indexed Sequential Access Method) - Two modes of access to ISAM data
sets. In retrieval, the access method program is presented with a record
identifier and it searches through indexes to retrieve the desired record.

In insertion, a record is presented to the program and it is inserted in

logical sequence on the basis of its identifier.

Block (Physical Record) - A series of physically contiguous characters on a
physical storage device; the unit of information transfer from peripheral
devices to core memory. Blocks may contain one (unblocked) or more logical
records.

T Y

Blocking Factor - The number of logical records per [physical) block.

BSAM (Basic Sequential Access Method) - A mode of accessing a SAM file organiza-

tion where the user provides any required buffering and deblocking.
Bucket - In the direct access organization, a set of one or more recocrd positions :

associated with a particular address. Records whose identifier (or key) trans-
forms to this address will be stored in this bucket or its extensions. ) y
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Buffer - An area in core storage set aside to hold the contents of one block from

a physical storage device,

Byte - A generic term for a group of adjacent binary bits used as a unit. Typical
examples are 8-bit byte and 6-bit byte.

Chain - A means of interconnecting a series of information units. The connection
is by means of a pointer field stored in one unit pointing to the next unit in

sequence.
Channel Program - A program to be executed by a channel.
Cluster - A set of consecutive keys separated at both ends by a gap from other keys.

Clockworks Model - A computerized simulation model in which complex transactions
are described in terms of paths through a processing network composed of queues
before specific processing stations. The lengths of the processing steps and
the completion times for processing steps on a primitive transaction are deter-

mined in terms of a master clock which records simulated zlapsed time.

Collision Length - In a key to address transformation, select an arbitrary key
as a starting point, The maximum number of keys following the starting key

that can be mapped to distinct addresses is called the collision length.

Control Unit - A device controlling the operation of I/0 devices such as disks,
tapes, pointers, etc.

Core Memory - The section of memory attached directly to the CPU. The CPU can
only directly address data and instructions stored in core memory.

CPU (Central Processing Unit) - The computer section that provides primary inter-
pretation of the users' programs.

DASD (Direct Access Sturaée Device) - A peripheral, physical storage device,
e.g., drum, disk, d: cell.
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Data Base - The -otality of the collected data items in an installation,

Data Management Program - A program in the Operating System that assists the user
in accessing and managing his data files.

Data Rate - vhe speed in bytes per second that a device can transmit or receive
data.

Data Set - An IBM term for a data file (and in the case of ISAM, its associated

index and overflow areas).
Debugging ~ The process of detecting and correcting errors in a program,

Density of the Key Set - The ratio of the number of existing keys to the total

number of possible keys in the key space,
Domain -~ A mathematical concept associated with all the possible values of a set.

DUMP - The act of printing out tne entire contents of the core memory for error

detection by invoking a system dump routine.
Entity - A distinguishable object, thing or event on which information is recorded,
Extent - A collection of stored data items that are both homogeneous and contiguous.
On a disk storage device, an extent is characterized by the volume number, the

starting c¢ylinder and the number of cylinders in the extent.

Field - The smallest information-bearing unit that may be queried and processed
by a formatted file system. ' ' '

-

FORBM (or FSSM) (File Organization Evaluation Model {or File Structure Simulation
Model)) - An off-line equation evaluation model for simulating the complex query
and update transactions typical of next generation formatted file systems. (See
final Report, Contract AF 30(602)-4088 for details).
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FOREM II (File Organization Evaluation Model, Phase II) - An off-line clockworks
model for simulating the complex query and update transactions typical of next
generation formatted file systems.

FORMS (File Organization Modeling System) - An on-line, combined equation evalua-
tion-clockworks model for simulating primary key access methods. (See User's
Manual complete/ under Contract AF 30602-69-C-0100 for details.)

Full Track Blocking - Ome (physical) block per track.

Galois Field - A finite field defined in the mathematical sense.

Identifier - A group of fields which provides unique identification for a record
or segment,

Insertion - The placement of a new record into a file,

Inverted File - A sequence of records ordered according to the magnitude of the
value of a field other than the primary key field.

1/0 Supervisor - A control program for 1/0 operations.

ISAM (Indexed Sequential Access Method) - A specific IBM implementation of an

indexed sequential primary key file organization.

JCL (Job Control Language) - A language for specifying the characteristics of 1
particular program to an IBM Operating System.

Key-to-Address Transformation - A technique of converting a set of keys into a
set of addresses on a storage device.

Load Factor.- (See Packing Factor)

Master Segment - A segment that appears at the root of g hierarchic tree structure
for a logical record. The master segment is superior to all periodic segmunts
ard appears once and only once per logical record.

VIII-5




Master Index - In ISAM, any index level above the cviinder index.

0S (Operating System) - An [BM supplied system of programs for controlling and

assisting the execution of user programs.

» Overflow - Mumber of records that ure assigned to a unit of storage space (a

bucket, 2 track, cte.) exceed the capucity ol that space.
» Pack (Volume) - A removable set of disks for a disk storage device.

* Packing Factor - In the direct access organization, the percent of possible record

positions that are occupied by data records,
* Partition - Disjoint subdivision of a set of objects into smaller subunits.

+ Periodic Segment - A segment that appears at a level other than the root of u
hierarchic tree structure for a logical record. There will be a variable

number of periodic segments per logical record.

* Processing Time - The elapsed CPU time for accessing and processing a logicul

record.

* QISAM (Queued Indexed Sequential Access Method) - Two modes of access to 1SAM data
sets. In retrieval, the access method program is presented with a record
identifier and it searches through indexes to find the location of the corres-
ponding record. It then proceeds to access, in logical sequence with automatic
buffering and deblocking, as many logical records as the user requests. Updating-
in-place is performed in this mode by the user requesting that the modified
block in core be written back over the corresponding block on the physical storage
device. The create mode is used to create and load an ISAM data organization onto
physical storage,

+ QSAM (Queued Sequential Access Method) - A mode of accessing a SAM file organiza-
tion where the data management program provides automatic buffering and de-
blocking. ' |

+ wery - The process of accessing a desired set of records from a file.
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*Relation - The mathematical definition of a set which is a subset of a product
space Ly < D, ... < D, and whose elements are of the form of ordered
n-tuples (dl, dZ' ey dn).

Repeating Segment - (Sec Periodic Segment)

5\ (Sequential Access Method) - A specific IBM jmplementation of the sequential

file organization.

Secondary Index - \ cross reference index relating the values of any non-key field

to either the primary kevs or the addresses of the corresponding records.

Seck Time (Access ‘totion Time) - The time required to position the access mechanism

at the cylinder containing the desired record.

Segment - A specific concatenation of fields providing a description of the

properties of a particular object or event.

Trace - A time sequence recording of the occurrence of events.

* Transaction - A collection of several related processing actions in connection
with an application task.

* Update - The change or modification of one or more field values in a record

already in the file.

Variable (Length) Segment - A segment which contains a variable number of
characters,

2314 - A specific type of IBM disk device.

* 2400 - 2, 3, 4, 5, 6 - Various models of IBM tape drives.
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